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ABSTRACT 



We present a study of N v absorption systems at 1.5 < z < 2.5 in the spectra of 19 QSOs, based on data obtained with the VLT/UVES 
instrument. Our analysis includes both the absorbers arising from the intergalactic medium, as well as systems in the vicinity of the 
background quasar. 

We construct detailed photoionization models to study the physical conditions and abundances in the absorbers and to constrain the 
spectral hardness of the ionizing radiation. 

The rate of incidence for intervening Nv components is clN/dz = 3.38 ± 0.43, corresponding to clN/dX = 1.10 ± 0.14. The column 
density distribution function is fitted by the slope /? = 1.89 ± 0.22, consistent with measurements of C iv and O vi. The narrow fine 
widths (bf^y ~ 6kms"') imply photoionization rather than collisions as the dominating ionization process. The column densities 
of C IV and N v are correlated but show different slopes for intervening and associated absorbers, which indicates different ionizing 
spectra. Associated systems are found to be more metal-rich, denser, and more compact than intervening absorbers. This conclusion 
is independent of the adopted ionizing radiation. For the intervening Nv systems we find typical values of [C/H] ~ -0.6 and 
nil ~ 10~''* cm"-' and sizes of a few kpc, while for associated N v absorbers we obtain [C/H] ~ +0.7, ;ih ~ 10"^^ cm"' and sizes 
of several 10 pc. The abundance of nitrogen relative to carbon [N/C] and cc-elements like oxygen and silicon [N/a] is correlated with 
[N/H], indicating the enrichment by secondary nitrogen. The larger scatter in [N/o-] in intervening systems suggests an inhomogeneous 
enrichment of the IGM. There is an anti-correlation between [N/o-] and [a/C], which could be used to constrain the initial mass function 
of the carbon- and nitrogen-producing stellar population. 

Key words, quasars: absorption lines - intergalactic medium ~ cosmology: observations 



1. Introduction 

Studying elemental abundances in various environments 
is important for understanding the enrichment history and 
chemical evolution of astronomical objects. Of particular 
interest are metal-poor objects, which are thought to be very 
old and to conserve the abundances pattern of early enrich- 
ment. In the local Universe these are, for exam p le, ex tremely 
metal-poor halo stars (see iBeers & Christliebl (l2005l) for a 
review). At higher redshifts, the abundance pattern of damped 
Lyg (DLA) syste ms can be studied in detail (reviewed by 
I Wolfe et aP l2005h . Metal-rich objects like quasars at very 
high redshift suggest that a substantial amount of metals 
must have been produced at very early epochs, implying star 
for mation prior to the redsh ift of observation (see the review 
by iHamann & Ferlandl 119991) . Measured abundances can then 
be compared to predicted chemical yields of different stellar 
populat ions (e.g. Woosley & Weaver 1995; Iwamoto et al. 



1999t iHeger & WooslevI I2002L JL imongi & Chieffi 2003; 



i 



Chieffi & Limond l2004l lUmeda & Nomota .2005. 



Kobayashi et al.l l2006h optionally weighted by an initial 



mass function (IMF) to constrain the production site of the 
heavy elements. 

An important tracer of the chemical evolution is the abun- 
dance of nitrogen. Nitrogen is created by the conversion of car- 
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bon and oxygen during the CNO cycle in hydrogen-burning 
zones. If the seed carbon and oxygen atoms are produced in 
the star itself, the nitrogen is called primary. Secondary nitro- 
gen is produced if carbon and oxygen have already been present 
in the gas that formed the star. Since a-elements (elements 
built up of "^He-cores, e.g. oxygen and silicon) are mainly pro- 
duced by Type II supernova explosions of massive stars, they 
are released into the suiTounding medium at earlier epochs than 
carbon and nitrogen, which are mainly created during nuclear 
burning within massive and intermediate-mass stars. Stars with 
M > 8 Mq dominate the production of carbon at early epochs, 
while stars with lower masses are the main production sites for 
nitrog en released with a given time lag. Because of this time 
delay, lEdmunds & Pagell (Il978l) first proposed to use [N/O] as 
an age indicator. The sensitivity for such an age indicator de- 
pends on the duration of the time lag. Pettini et al. (2002) es- 
timate that the ~ 250 Myr inferred by iHenrv et alj ( 12000 ) are 
too short to explain all the DLA systems with low [N/c] abun- 
dances. However, the time delay increases if stellar rotation is 
taken into account shifting the production site of primary ni- 
trogen to stars with lower masses and longer evolutiona ry time 
scales dMevnet & Maedeiil2002l : iMevnet & Pettinill2004 . 

Furthermore, [N/a] traces the production process of ni- 
trogen. While the presence of only primary nitrogen leads 
to c onstant \N/a] as found in low-metallicity DLA systems 
(e.g. Prochaska et al. 2002;'Centuri6n et alj2003l ; lPetitiean et al.l 
[2008; Pettini et al. 2002, 2008), [N/a] increases with metallic- 
ity if secondary nitrogen contributes. The early release of a- 
elements also leads to an a-enhancement with respect to car- 
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bon in the intergalactic medium (IGM; [Si, O/C] > 0, e.g. 
lAguirre et al.l |2004 120081: (simcoeeTaD l2004 12006'), indicat- 
ing enrichment by SN II explosions of massive stars (e.g. 
iMatteucci & Calural 120051; lOian & Wasserburg|l2005h . Such es- 
timates are based on the detection of C iv. Si iv, and O vi fea- 
tures in QSO absorption spectra whose measured column den- 
sities can be transformed into abundances applying appropriate 
photoionization corrections. However, due to the sparse detec- 
tion rate of nitrogen features the nitrogen abundance of the high- 
redshift IGM is rather unknown. 

Though absorption features of Ni and/or Nii are usually 
observed in DLA systems, nitrogen is rarely detected in opti- 
cally thin (i.e. A^hi 5 10'^ cm"^) intergalactic absorption sys- 
tems. Features of N v are often identified in absorption systems 
proximate to th e background quasar (e.g. the recent work of 
iFox et al]|2008l) . Because of its rather high ionization poten- 
tial (77.5 eV = 5.7 Ryd to be created, 97.9 eV = 7.2 Ryd to 
be destroyed) this ion is generated by the hard radiation of the 
close-by QSO. Mor eover, quasars are generally metal-rich (e.g. 
iDietrich et alj2003 j and about solar [N/H] has been measured in 
associated systems (e.g. D'Odorico et al. 2004) making N v eas- 
ily detectable in proximate absorbers. Together with other highly 
ionized species such as O vi, N v absorptio n is also detected in 
the galactic halo and high - velocity c l ouds JSavage et al.1 Il997t 
llndebetouw & Shullll2004) . lFox et all ( 1200 7') found 3 DLA sys- 
tems exhibiting weak N v features in a sample of Ovi-bearing 
DLAs (see also iLehner et alj|2008h . Recently. iProchaska et alj 
(l2008h report on the detection of N v absorption close to long- 
duration gamma-ray bursts. The generally narrow line widths of 
the features imply photoionization of the gas by the gamma-ray 
burst afterglow. 

In the IGM the metallicity and therefore the nitrogen content 
is lower and the ionizing UV background is substantially softer 
than unfiltered QSO radiation. Thus, N v features are expected 
to be weak and will arise mainly in the Lya forest making the 
detection and identification difficult. One might expect to detect 
N V absorption preferentially when the absorbing material is ex- 
posed to a locally hardened radiation field. This may occur in the 
vicinity of a foreground QSO close to the line of sight generating 
a so-called transverse proximity effect. Due to the locally higher 
level of ionization this effect should produce a decrease in the 
dens ity of neutral hydrogen, which is, however, rarely detected 
(e.g. 'Liske&Wimger 120011; ICrofll 12004 fSchirber et alJ l2004t 
[Gallerani et al. 2008 ). Yet, combined analyses considering also 
Hen dJakobsen et al]|2003l; Worseck et al. 2007) and metal line 
absorption (G on9alves et alJi2008i) demonstrate the existence of 
the transverse proximity effect in spe ctral hardness. Studyin g the 
line of sight towards HE 2347-4342 !Worseck et all J2007h find 
a foreground QSO at z = 2.282 with a transverse proper dis- 
tance of 1 .76 Mpc in the vicinity of the intergalactic N v system 
at z = 2.2753. 

In this paper we present a systematic search for N v at z ~ 2 
in QSO absorption spectra aiming to probe the nitrogen abun- 
dance in the IGM and to test whether N v is a tracer for spec- 
tral hardness of the ionizing radiation. Therefore we select both 
intervening Nv absorbers and systems associated to the back- 
ground quasar. Their statistical and physical properties are stud- 
ied and the characteristics of the different absorber classes are 
extensively compared. After presenting our selection procedure 
and the resulting sample in Sect. |2] we investigate the statistical 
properties of N v absorption lines like number density and col- 
umn density distribution in Sect. [3] In order to estimate elemen- 
tal abundances we compute photoionization models as described 
in Sect. |4] The results are presented in Sect. |5] and the implica- 



Table 1. Sight lines and probed redshift ranges searched for N v 
absorption systems and number of identified intervening and as- 
sociated systems. 



QSO 


Zem 


■Srain 


Zmax 


X 


TTinter 


Tfa.sso 


HE 0001-2340 


2.26 


1.46 


2.21 


2.17 


2 





HE 0151-4326 


2.79 


1.55 


2.73 


3.67 


1 





HE 0940-1050 


3.08 


1.89 


3.01 


3.69 


1 





HE 1122-1648 


2.41 


1.46 


2.35 


2.65 








HE 1158-1843 


2.45 


1.46 


2.39 


2.77 


2 


2 


HE 1341-1020 


2.13 


1.46 


2.08 


1.77 





2" 


HE 1347-2457 


2.61 


1.46 


2.55 


3.29 


1 





HE 2217-2818 


2.41 


1.46 


2.35 


2.65 


1 





HE 2347-4342 


2.89 


1.76 


2.83 


3.40 


1 


4 


PKS 0237-23 


2.23 


1.46 


2.18 


2.08 


3" 





PKS 0329-255 


2.70 


1.56 


2.64 


3.33 





1 


PKS 1448-232 


2.22 


1.49 


2.17 


1.96 


3 





PKS 2126-158 


3.28 


1.93 


3.21 


4.30 








Q 0002-422 


2.77 


1.55 


2.71 


3.58 








Q 0109-3518 


2.40 


1.46 


2.34 


2.61 


1 





Q 0122-380 


2.19 


1.46 


2.14 


1.96 


2 





Q 0329-385 


2.44 


1.46 


2.38 


2.74 


2 


1 


Q 0420-388 


3.12 


2.03 


3.05 


3.41 


1 





Q 0453-423 


2.66 


1.46 


2.60 


3.46 





1 



•' plus 2 associated mini-BAL systems 

'' plus 2 damped Lyo- systems with detected N v 



tions for the enrichment of the IGM and for the presence of hard 
radiation sources close to N v absorption systems are discussed 
in Sect. |6l Our conclusions are presented in Sect. [T] Throughout 
the paper we use a cosmology with Qm = 0.3, Q.a = 0.7, and 
Ho = 70 km s"' Mpc"'. Abundances are given in the notation 
[X/ Y1 - log(X/Y) - log(X/Y)o with solar abundances taken 
from lAsplundetal.1 (|2005j). 



2. Sample 

We search for Nv systems in the optical spectra of 19 QSOs 
taken with UVES at the VLT (ESQ Large Program 166.A- 
0106(A)). The spectra cover the optical range redward of the 
atmospheric cut-off, A > 3500 A, with high resolution (R ^ 
45 000) and a typical signal-to-noise ratio of S /N ~ 35 - 70. 
The d ata reduction has been performed by B. Aracil ( Aracil et al.l 
|2004|) . We identify Civ doublets and for each Civ system we 
check for N v features at the same redshift. Therefore, our sam- 
ple includes only absorption systems exhibiting N v and C iv si- 
multaneously. Moreover, we look for various additional transi- 
tions and estimate the column densities of all identified species 
performing Doppler profile fits. For the complex associated sys- 
tem towards HE 2347-4342 we adopted the parameters esti- 
mated by Fechner et al. (2004). The basic properties of the in- 
vestigated lines of sight are summarized in Table [1] including 
the redshift range that has been searched for intervening Nv 
systems and the corresponding absorption path length dX = 

(1 + z)^/ -\/^m(1 + z)"* + ^A dz- The fitted line parameters are 
given in Tables lBTTI and lBTSl in the Appendix. 

Systems within |Av| < 5000 km s"' are classified as asso- 
ciated. Absorbers selected by this criterion may not be intrin- 
sic to the quasar host, whil e systems with velocity shifts Av < 
-5000 km s' may be (e.g. [Richards et all [19991; JMisawa et all 
,2007i) . Additional indicators to discriminate between intrinsic 



C. Fechner and P. Richter: The nature of N v absorbers at high redshift 



and intervening systems include partial coverage or time vary- 
ing line profiles. Few of our associated systems indeed show 
partial coverage (e.g. z = 2.4427 towards HE 1 158-1843) but 
none of the systems classified as intervening do. iMisawa et al.l 
(l2007h investigated associated and intrinsic narrow absorption 
lines traced by C iv in a large sample of 37 quasars, finding that 
roughly 15 % of the systems classified as non-associated due to 
their velocity shift are probably intrinsic. According to this es- 
timate we would expect < 3 out of 22 non-associated N v sys- 
tems to be mis-classified. This number is an upper limit since we 
count only sy stems showing C iv a nd N v absorption simultane- 
ously whereas lMisawa et al.l (|2007|) studied all systems traced by 
C IV only. 

The system at z = 2.3520 towards Q 0329-385 is probably 
mis-classified by the adopted velocity criterion. Its H i feature is 
unusually weak for exhibiting pronounced metal lines (A^hi ~ 
10"'^^ cm"^ in two components) and the velocity shift from the 
QSO emission redshift is roughly -7670km s'. Furthermore, 
photoionization modeling of this system (see Section |4ll leads 
to unusual high metallicity ([N/H] ~ 1.1, when adopting an 
HMOl background) as well suggesting that it is probably intrin- 
sic. Therefore, \ye clas sify this absorber as associated (see also 
iLevshakov et al.ll2008l) . Note that if we enlarge the velocity in- 
terval to select associated absorbers up to |Av| < 15 000 km s"', 
the one at z = 2.3520 towards Q 0329-385 would be the only 
additional associated system selected. 



3. Line statistics 

3.1. Number density 

In 19 sight lines we find 21 intervening Nv systems in 61 indi- 
vidual components and 1 1 associated systems with 46 individ- 
ual components, where we exclude two (sub-) DLAs towards 
PKS 0237-23 and two mini-BA L systems towards HE 1341- 
1020 (see also ILevshakov et aLli2008 ). This sample is Nv se- 
lected from 198 intervening and 30 associated Civ systems for 
which N V is (in principle) observable. Thus, the fraction of in- 
tervening C IV systems showing N v absorption is ~ 11%, while 
roughly 37 % of associated Civ absorbers (within 5000 km s"' 
from the background QSO) exhibit N v as well. 

The probed redshift path in total is Az = 18.06 in the range 
1.5 < z < 2.5 corresponding to a total absorption length of 
AX = 55.50. Thus the rate of incidence for intervening N v sys- 
tems is dN.yJdz = 1.16 + 0.25 and dN/dz = 3.38 + 0.43 for in- 
dividual components, corresponding to dNsys/dX = 0.38 + 0.08 
and dN/dX = 1.10 + 0.14. These numbers are calculated ex- 
cluding a proximity zone of |Av| < 5000 km s"' for each line of 
sight. If an enlarged proximity zone |Av| < 15 000 km s"' is con- 
sidered, the probed total redshift path and the corresponding total 
absorption length reduce to Az - 15.79 and AX - Al .91, leading 
to slightly higher number densities (dNsys/dX = 0.44 ±0.10 and 
dNIdX = 1.27 + 0.61, respectively). 

Our sample is most likely incomplete due to blending with 
the Lya forest. Furthermore, we select only N v systems exhibit- 
ing C IV features and possibly neglect systems showing N v but 
no corresponding C iv absorption. Therefore the actual rate of 
incidence might be higher, in particular for low column density 
features. The column density distribution function for the inter- 
vening components shown in Fig. |2] suggests that our sample 
may be complete for column densities log A^n v > 12.7. This sub- 
sample includes 41 individual components in 17 systems leading 
to dNjdz = 2.3 + 0.4 and dN.yJdz = 0.9 ± 0.2, respectively, for 
A^Nv > 4.5- 10^2 cm-2. 
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Fig. 1. Distribution of measured N v column densities (left 
panel) and Doppler parameters (right panel) for individual com- 
ponents. The black histograms present the values of the inter- 
vening systems, the red ones show the distributions for the asso- 
ciated N v components. 



The estimated number density of N y components is r oughly 
6 times lower than that of Civ as ISongailal (1200 ll) finds 
dNciv/dX = 6.8 + 2.7 in the same redshift range and half the 
number of Si iv components {dNsiw/dX = 3.5 + 1 .0), according 
to the values given in her Table 1 . The reduced rate of incidence 
for N V in comparison to C iv is roughly consistent with the frac- 
tion of C IV systems showing N v absorption (~ 0.1 1). This prob- 
ably reflects the lower abundance of nitrogen with respect to car- 
bon and silicon. Due to the low nitrogen content fewer systems 
showing features of nitrogen ar e expected. 

At low redshift (z < 0.4) iDanforfli & Shulll (l2008h detect 
N V with a rate of incidence of dN/dX = 3 + 1 . Thus, N v 
appears to be more numerous at low redshift than at z ~ 2. 
At low redshift N v is correlated with O vi, which is mainly 
coUisionally ionized due to shock heating contributing to the 
warm-hot int ergalactic medi um (WHIM, see e . g. the review by 
iRichteret all [2008). Thus, Danforth &Shuil (2008) conclude 
that Nv is also a tracer of the WHIM and therefore is coUi- 
sionally ionized. I n contrast, Ovi as well as Nv are photoion- 
ized at z ~ 2 (e.g. ' Bergeron et al."2002'; 'Levshakov et al.ll2003l; 
Ber geron & Herbe rt-Fort 2005; Reimers et al. 2006, discussion 
below). Therefore, N v absorbers at high and low redshift may 
represent different populations. 



3.2. Column density distribution and line widths 

The distributions of the observed N v column densities of the in- 
tervening and associated components, respectively, are presented 
in the left panel of Fig. [T] While the distribution for the interven- 
ing components is clearly peaked at log A^n v - 12.8 and no com- 
ponents with A^Nv > 10''* cm"^ are detected, the column densi- 
ties of associated systems are distributed more smoothly over a 
broader range with values up to ~ 10'"*** cm"^. 

In case of intervening systems the distribution of the es- 
timated Doppler parameters shown in the right panel of Fig. 
[T]has a pronounced maximum at ~ 6kms ' and a slight tail 
with values upto ~ 20km s'. If interpreted as thermal broad- 
ening, /jnv ~ 6kms"' corresponds to a temperature of T ~ 
30 000 K. The narrow lines imply photoionization of ni t rogen . 
Acc ording to the coniputatio ns of [Sutherland & Dopital (1 19931) 
and iGnat & Sternberg! (|2007|) . in collisional ionization equilib- 
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Fig. 2. Column density distribution function of intervening N v. 
For logA^Nv ^ 12.7 die column density distribution function is 
fitted by a power law / oc N^1_, with /? = 1 .89 + 0.22. 



rium the ionization fraction of Nv peaks at T ^ 2 ■ lO^K, 
corresponding to a line width of b =^ 15kms '. Only 10% of 
the intervening components are broad enough to be collisionally 
ionized, clearly suggesting photoionization as dominant ioniza- 
tion process. This, however, is probably a selection bias since 
the ionization fraction of Civ in hot, collisio nally ionized gas 
strong ly decreases {few ~ 0.03 at 2 ■ 10^ K; iGnat & Sternbera 
l2007h while the dominating species is C v. Thus, our selection 
procedure favors photoionized intervening N v absorbers. 

Associated components on average show broader line 
widths. Their Doppler parameter distribution peaks at ~ 
lOkms"' with a significant tail up to ~ 30kms"'. Even though 
our sample is too small to draw robust conclusions there might 
be a bimodality in the /j-parameter distribution showing one pro- 
nounced peak at lOkms ' corresponding to T ~ 84 000 K, and 
a second smooth maximum at ~ 22 km s ' . The broader absorp- 
tion lines may be affected by QSO outflows. The fraction of 
components with b > 15kms"', which may possibly be colli- 
sionally ionized, is ~ 26 %. 

The column density distribution function is defined as the 
number N of absorbers within a given column density bin AA^ 
per observed absorption path length X, i.e. / = N/{AN ■ AX) 
and is usually parameterized as / = A ■ A^"''. For the intervening 
components the column density distribution function is shown 
in Fig. 121 Our sample appears to be complete down to log A^nv ~ 
12.7. Above this threshold we estimate /3 - 1.89 ± 0.22 and 
log A = 11.2 + 2.9. 

At z < 0.4 the column density distribution fun ction of N v 
yields ySNv = 1-87 + 0.17 dPanforth & Shullll2008h in excellent 
agreement with the slope at z ~ 2. Comparing to other species, 
this slope is slightly steeper thany Sciv = 1-44 ±0.05 a s estimated 
for Civ absorption at z ~ 3 bv lEllison et al.l ('2000) but fully 
consistent withySciv = 1.8 + 0.1 found bv lSongaila (.2001.) in- 
dependent of redshift in the r ange 1.5 < z < 5 .5. Using an pixel 
optical depth-based technique'Songailal( l2005h finds y8r w = -1.7 
considering only features with log A^c iv > 13.0 but a flatter slope 
of -1 .44 if low column density absorbers are additionally taken 
into account and an incompleteness correction is applied. Our 
sample of intervening N v absorbers exhibits mainly high C iv 
column densities (see below). Thus, the agreement of the slopes 



at A^ > 10 cm" may suggest a common origin of both ions. 
However, due to incompleteness in the low column density range 
we cannot conclude whether the N v distribution function flat- 



tens at log A^n v ^ 10'^ cm~^. Our best- fit slope is also consistent 
with_^ovi = 1.7 + 0.5 estimated bv [Bergeron & Herbert-Fort 
(20051) for O VI absorbers with 13.0 < log A^o vi < 14.3 at z ~ 2.3. 
The consistency of the slope of the column density distribution 
function for strong absorbers of the three species C iv, N v, and 
O VI indicates that they may have a common origin in the probed 
redshift range. At z ~ 2 this is likely photoionized gas. 

3.3. Comparison to C iv 

Since the N v absorbers are selected from a sample of C iv sys- 
tems, line parameters of N v and C iv can be compared directly. 
FigurelSpresents the measured N v column densities versus C iv 
for intervening and associated systems, respectively. Both ab- 
sorber classes show well-correlated N v and C iv. While N v is 
systematically weaker than C iv in intervening absorbers, asso- 
ciated systems exhibit similar Nv and Civ column densities. 
Furthermore, the slope of the correlation is different for both 
classes of absorbers. Fitting A^nv '^ -^civ leads to a = 0.40+0.07 
for the intervening systems. The slope in case of the associated 
systems is considerably steeper yielding a - 0.64 ± 0.10. 

The different slopes are likely due to the different ionizing 
radiation fields the absorbing gas is exposed to. While associ- 
ated absorbers see the hard radiation of the background QSO in 
addition to the general intergalactic UV background, intervening 
absorption syste ms are presumably ion ized solely by the back- 
ground radiation. IWorseck et al.l (l2007h . however, find an inter- 
vening Nv system at z = 2.2753 towards the quasar HE 2347- 
4342 in the vicinity of a foreground quasar close to the line of 
sight, which is also part of our sample. This system therefore is 
supposed to be exposed to a harder radiation field even though 
it is intervening. If intervening N v arise preferentially close to 
foreground QSOs, the N v/C iv ratio is expected to be rather sim- 
ilar for intervening and associated absorbers. The detection of 
different slopes for both types of absorbers indicate that the ab- 
sorber towards HE 2347-4342 may arise from a particular con- 
figuration and intervening N v absorption does not directly trace 
hard radiation sources close to the line of sight. 

However, the problem might by degenerated since associ- 
ated and intervening absorbers are expected to have different 
abundances. While associated systems usually show about so- 
lar metallicity and solar nitrogen abundance (e.g. reviewed in 
iHamann & Ferlandlll999 ). intervening systems are expected to 
have typically lower abundances. Since DLA systems believed 
to probe the inner parts of high-redshift galaxies are usually 
metal poor and underabundant nitrogen is detected, a similar 
abundance pattern is expected for intergalactic absorption sys- 
tems even farther away from early (proto-)galactic systems. 
Therefore, intervening systems are supposed to exhibit weaker 
N V features as a consequence of their lower nitrogen content. 
This, however, should affect the offset of the N v/C iv relation 
but not its slope, supporting the conclusion that intervening N v 
systems do not strictly trace hard foreground radiation sources 
like quasars close to the line of sight. In Sect. 16.11 we will ad- 
ditionally argue that no evidence of a generally harder radiation 
at the location of intervening N v systems is found from pho- 
toionization modeling adopting several ionizing spectral energy 
distributions. 

Inspection of the line profiles shows that the N v absorp- 
tion is usually well-aligned with C iv while the features of O vi 
are apparently shifted slightly to the red. In Fig. 13 the distribu- 
tion of the velocity difference between C iv and N v is shown in 
comparison to vqvi - vciv While vnv - I'civ clearly peaks at 
km s"', Ovi is shifted to positive velocities with a maximum 
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Fig. 3. Comparison of column densities of observed N v and C iv features for intervening (left) and associated (right panel) systems, 
respectively. The correlation for the intervening systems can be described by a slope of 0.40 + 0.07 while the slope of the associated 
components is steeper yielding 0.64 + 0.10. 
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Fig. 4. Velocity offset between individual C iv components and 
corresponding N v (black) and O vi features (blue) for the total 
sample. While N v absorption arise predominately at the same 
velocity as C iv, O vi is significantly shifted to positive velocities. 



at ~ +4kms '. The usual interpretation o f this often observed 
velocity shift between Ovi and Civ (e. g. iReimers et al.l l20()lt 
ICarswell et al . 2002; Si mcoe et"aI1l2002l) is that the lines do not 
arise from the same volume. By o bserving multiple lines of 
sight of gravitationally lensed OSOs. lLopez et al] (l2007l) showed 
that Ovi absorbing gas is much more extended compared to 
other species. However, in a simple picture where O vi and C iv 
arise from spatially distinct volumes one would expect to find 
Ovi shifted statistically to higher as well as lo wer velocities. 
Checking t he Ovi selected syst ems reported by ICarswell et alj 
(I2OO2I) and ISimcoe et all (|2002|) . O vi features at high redshift 
seem to be shifted to positive velocities with respect to C iv if 
they are displaced at all. At low redshift Tripp et al. (2008) have 
recently found a displacement between H i and O vi in particular 
for complex O vi systems. They detect a trend for O vi shifted to 



=> -21 




-34 



Fig. 5. Adopted ionizing spec tra. The lowest curve represents the 
pure lHaardt & Madaul EoOll HMOl) UV background at z ~ 2. 
Upper curves indicate the HMOl background in addition with a 
QSO spectrum described as a power law fv°^v 
ing dominance of the QSO (/qso/-/hmoi - 0.1, 0.3 
100 at 1 Ryd). 



'■" for increas- 
1,3, 10,30, 



higher velocities, too. However, the origin of the shift remains 
uncertain. 

In summary, we find the N v features are well-aligned with 
C IV, implying that these both species arise from the same gas 
phase. 



4. Photoionization modeling 

For each of the systems we construct photoion ization models 
using CLOUDY (v05.07.06: lFerland et al.|[T998! ) in order to es- 
timate the nitrogen abundance. For a given radiation field the 
ionization parameter U - ny/riu, which is the ratio of ionizing 
photons and hydrogen density, can be determined by matching 
the observed column density ratio of two species. The metallic- 
ity of the absorber and its relative elemental abundances are then 
adjusted in course of the modeling procedure. In particular, we 
obtain estimates of [N/H] and [N/C] for all modeled systems. 
For some absorbers additional estimates of [N/O] and/or [N/Si] 
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can be derived. Solar abundances are taken from lAsplund et al] 
(l2005h . 

In a first ap p roach we adopt the UV background from 
iHaardt & Madaul (1200 lb at the appropriate redshift scaled t o 
7hi = 10-2115 erg s-'cm-^Hz-'sr-' at 1 Rvd ( "Scott eTani2000l) . 
This energy distribution consists of the radiation of QSOs and 
galaxies whose spectra are filtered while propagating through the 
IGM. Since associated absorbers are additionally exposed to the 
radiation of the background QSO, we add a power law spectrum 
fy oc v" to model these systems. The spectral index a is adopted 
from the literature if possible, other wise we assume g - - 1.0. 
The used values are listed in Table|2] Levshakov et al.l (12008) re- 
cently reconstructed the ionizing radiation for a few associated 
systems. They find a depression of the intensity at £ > 4Ryd, 
possibly due to the He ii Lyman continuum opacity of a quasar 
accretion disk wind. If such a depression is present for all as- 
sociated systems, a pure power law QSO continuum definitely 
overestimates the hardness of the radiation. For comparison we 
therefore construct models adopting the pure HMOl background 
and can thus estimate the systematics, which may be introduced 
by the uncertainties of the hard QSO spectrum. 

The flux of the QSO radiation reaching the absorber depends 
on the luminosity of the source and the distance of the absorbing 
material to the quasar. Since the location of the absorber is usu- 
ally unknown, several models are derived changing the intensity 
AnJy of the QSO power law at 1 Ryd relative to the HMOl back- 
ground from 0.1, i.e. little contribution of the QSO to the ioniz- 
ing radiation, to 100, i.e. the ionizing radiation is dominated by 
the QSO. The tested spectral energy distributions are illustrated 
in Fig. |5] showing a pure HMOl background at z ~ 2 and spectra 
combined with a. fy oc v"'" power law with /qsoZ-^hmoi - 0.1, 
0.3, 1, 3, 10, 30, 100 at 1 Ryd. From the resulting model parame- 
ters a mean value of the abundances is estimated with error bars 
reflecting the spread of the values in the considered parameter 
range. 

In order to test whether foreground quasars close to the line 
of sight provide high-energy photons generating the intergalac- 
tic Nv systems, models with a joint HMOl+QSO power-law 
radiation are computed for each intervening system as well. 
Generally, we assume a - -1.0 except for 3 systems that are 
relatively close to the background QSO with known spectral in- 
dices from the literature. These are the systems at z = 2.0422 
(v ^ -1740 0kms'') towards PKS 0237-23 {a = -0.48; 
IZheng & Malk an 1993), atz = 2. 1098 (v ~ -10 30() kms'') to- 
wards PKS 1448-232 {a = -0.61: ICheng et al.lll991h . and at z = 
2.2510 (v ;^ -165 00km s'') towards Q 0329-385 {a = -0.37; 
ICheng et al.lfT99l . 

If possible, we chose two ions of the same element to con- 
struct the model to not depend on any assumption about the rel- 
ative abundances. Models are based on C m/C iv for 14% of the 
intervening and 75% of the associated systems. Si m/Si iv is used 
in case of 29% of the intervening systems. For 33% of the inter- 
vening and one associated system we adopt C iv/O vi to estimate 
the ionization parameter assuming solar O/C abundance since no 
other appropriate species are observed. Since C iv and O vi fea- 
tures are often shifted by ~ 4kms"', both ions may not arise 
from the same gas phase (see Sect. [3]). Therefore, photoioniza- 
tion models based on the Civ/Ovi provide only a rough esti- 
mate. However, we have verified that our main conclusions are 
valid even if those models are excluded. The identified absorp- 
tion features together with the line profiles computed from the 
best-fit models are presented in the Appendix in Figures |A!2l to 
IA.17I (intervening) and Figures IA.18I to IA.27I (associated), re- 
spectively. 



Adopting different column density ratios to constrain the 
photoionization models might introduce systematic uncertainties 
to the abundance estimates since it is assumed that all species 
reside in the same gas phase. In order to check whether this 
assumption is justified we compute models based on the ratios 
C m/C IV, Si iii/Si iv, and C iv/O vi for the same system. Such a 
comparison is possible for the intervening system at z = 2.2510 
towards Q 0329-385 and the associated system at z = 2.6362 to- 
wards Q 0453-423, which exhibit features of all relevant species. 
We find that the resulting abundances spread over < 0.5 dex. 
This roughly corresponds to the size of the error bars due to the 
uncertain quasar contribution to the ionizing spectrum for the 
associated systems (see Table|2]i. Therefore, the estimated abun- 
dances could have an additional uncertainty of ~ 0.5 dex due to 
a possible multi -phase nature of the absorbing material. 

The intervening system at z = 1.5771 towards HE 0001- 
2340 has to be modeled based on the C ii/C iv ratio since C iii and 
O VI would both arise outside the observed spectral range and no 
Sim feature is detected (Fig. lA.lj ). Due to the different ioniza- 
tion potentials (1.79 versus 4.74 Ryd) Cii and Civ absorption 
may not arise from the same gas phase questioning the results. 
Adopting a HMOl background, indeed, leads to rather unusual 
abundances ([C/H] = -1-0.74, [N/C] = -1-0.76, [N/Si] = -hi. 95). 
Since a model based on the C ii/C iv is not robust, we exclude 
this system from further discussion. Moreover, there are 5 sys- 
tems (4 intervening (19%) and 1 associated) that cannot be mod- 
eled since they exhibit features of H i, C iv, and N v only. The 
observed species and the profiles obtained from Doppler profile 
fitting are presented in Figui'es lA.28l to lA32l in the Appendix. 

5. Results 

The abundances derived from the photoionization modeling of 
the intervening (associated) systems are summarized in the up- 
per (lower) part of Table|2]and are displayed in Figures |6] and [T] 
As expected, associated systems are more metal-rich (median 
[C/H] ~ -hO.66) than intervening systems ([C/H] ~ -0.63), 
which can be seen from the lower panels of Fig.|6] Furthermore, 
intervening systems show enhanced abundances of a-elements 
resulting in lower [N/a] values (median -0.58 in comparison 
to +0.05 for associated systems) and higher [a/C] (-1-0.41 and 
-0.29, respectively; upper panels of Fig.|6]l. In the following the 
results will be discussed in detail. 



5.1. Intervening systems 

For the intervening systems we find metallicities in the range 
-1.2 < [C/H] < +0.2 (mean -0.46, median -0.63). The nitro- 
gen abundances are spread over a slightly wider range -1.8 < 
[N/H] < +0.3. In particular, more than 40% of the absorbers 
contain less nitrogen than 1/10 solar. A clear correlation between 
[N/H] and the nitrogen abundance relative to carbon [N/C] is 
seen in the upper left panel of Fig. |7] 

There are two outliers where our models lead to high [N/C] 
values but low overall metallicity ([N/H] < -1.0 corresponding 

to [C/H] 2.0). Both systems suffer from large uncertainties 

in important column density estimates. The estimate at [N/H] ~ 
-0.8 is an absorber at z = 2.2354 towards HE 1158-1543. The 
Nv A 1238 feature of this system is completely blended. Thus 
the column density measurement relies on the second compo- 
nent whose profile might be disturbed by an interloper as well 
(see Fig. |A.13l l. To be conservative the column density estimate 
and therefore the [N/C] and [N/H] values should be regarded 
as upper limits as indicated in Fig. Q The second outlier at 
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Table 2. Abundance estimates from photoionization modeling for the intervening (upper part) and associated systems (lower part), 
respectively. 



QSO 



Zabs 



a ratio 



[C/H] 



[N/H] [O/H] [Si/H] [N/C] 



[N/ff] 



[a/C] 



PKS 1448-232 


1.5855 






Siiii/Siiv 


-0.82 


-1.33 




+0.41 


-0.51 


-1.74 


+1.23 


PKS 0237-23 


1.5966 






Siiii/Siiv 


-0.93 


-1.33 




+0.48 


-0.40 


-1.81 


+ 1.41 


PKS 1448-232 


1.7236 






Siiii/Siiv 


-0.85 


-0.97 




-0.31 


-0.12 


-0.66 


+0.54 


HE 2217-2818 


1.9656 






Civ/Ovi 


-0.63 


-1.09 


- 


+0.05 


-0.45 


-1.13 


+0.68 


Q 0122-380 


1.9744 






Siiii/Siiv 


+0.17 


+ 0.22 




-0.29 


+ 0.05 


+ 0.51 


-0.46 


PKS 0237-23 


2.0422 






Civ/Ovi 


+0.23 


-0.08 


- 




-0.30 






Q 0122-380 


2.0626 






Civ/Ovi 


+0.16 


+ 0.17 


- 




0.00 






Q 0329-385 


2.0764 






Civ/Ovi 


-0.59 


-0.37 


- 


-0.37 


+ 0.22 


0.00 


+0.22 


PKS 1448-232 


2.1098 






Civ/Ovi 


-0.38 


-0.59 


- 




-0.21 






HE 1347-2457 


2.1162 






Civ/Ovi 


-0.87 


-0.96 


- 




-0.54 






HE 1347-2457 


2.1162 






Civ/Ovi 


-0.65 


-1.19 


- 




-0.09 






HE 0940-1050 


2.2212 






Siiii/Siiv 


-0.84 


-0.75 




-0.71 


+ 0.10 


-0.04 


+0.14 


HE 1158-1843 


2.2354 






Ciii/Civ 


-1.74 


< -0.82 


-1.36 




< +0.92 


< +0.54 


+0.38 


Q 0420-388 


2.2464 






Siiii/Siiv 


-2.27 


-2.07 




-1.06 


+ 0.20 


-1.01 


+ 1.21 


Q 0329-385 


2.2510 






Ciii/Civ 


-1.19 


-1.84 


-1.33 


-0.72 


-0.65 


-1.11 


+0.46 


HE 2347-4342 


2.2753 






Civ/Ovi 


-0.19 


-0.15 


- 




-0.04 






HE 0151-4326 


2.4686 






Ciii/Civ 


-0.08 


+ 0.15 


+0.28 




+ 0.22 


-0.13 


+0.35 


HE 0151-4326 


2.4686 






Ciii/Civ 


+0.08 


+ 0.31 


+0.43 




+ 0.22 


-0.13 


+0.35 


HE 1341-1020 
HE 1341-1020 


2.1462 
2.1462 


-1.0 
-1.0 


Ciii/Civ 
Ciii/Civ 


+0.82+"'^ 
-0.44±|j:| 


+0.66+"" 
+0 52+"-" 

-a83+i 


+0.62±"p 
+0 51+0.24 

-072?:?^ 
Q-53 




_n21+""3 
-0 16+""'' 

-oio^si^ 

"■^"-0.18 


+O.OI4I" 

:Siii 

8Z3 


-0.22±"- 

-0^2i±; 

-0.29+«;^i 


HE 1341-1020 


2.1475 


-1.0 


Cii/Cii* 


_0 73 + 1 47 
"■'■'-0.53 


Q 0329-385 


2.3520 


-0.37" 


Ciii/Civ 


+ 1.82±°iJ 


+2.04±"| 
+0.63±| 




+0.22+g-JJ« 


+0.78±2:?? 


-0.56+»i° 


HE 1158-1843 


2.4278 


-1.0 


Civ/Ovi 


+0.08±"^' 
+ 1-1844! 






+0.55±""; 
+036±lll 






HE 1158-1843 


2.4427 


-1.0 


Ciii/Civ 


+ 1.18 




+0.36+S-Si 


0.00 


Q 0453-423 


2.6362 


-0.89'' 


Ciii/Civ 


-0.12±°;^^ 


-0-61±069 


+0.12±Si^ 


-0 24+"-"''' 


-0.49±!J;« 


-0.37±gj^ 


-0 12+"" 

"■^^-0.07 


PKS 0329-255 


2.7091 


-1.0 


Ciii/Civ 


+0.69±°;5^ 


+OAO±'^ll 


+0.28+"-^^ 




-0.58+g« 


-o.i8±S:S^ 


-0 40+" "■* 
"■^"-0.01 


HE 2347-4342 


2.8916 


b 


Ciii/Civ 


+0.99 


+0.84 


+0.27 




-0.15 


+0.58 


-0.72 


HE 2347-4342 


2.8972 


b 


Ciii/Civ 


+ 1.37 


+0.57 


0.00 




-0.80 


+0.57 


-1.37 


HE 2347-4342 


2.9027 


+0.56"^ 


Ciii/Civ 


+0 08+006 
^"■^°-0.20 


+0.61±S;« 






_0 37+001 
"■■"-0.01 







" IChengetalJ ( ll991h 

'' no additional power law spectrum adopted (see discussion in Section [5!2l l 

■= lTelferetalJ ( [2002tJ) 



[N/H] 2.0 is the system at z = 2.2464 towards Q 0420- 

388. The model is based on the Sim/Siiv ratio. Unfortunately, 
both components of Siiv are at least partially blended (see Fig. 
IA.14b . Thus, the adopted Si iv column densities might be biased 
and the abundance estimates may suffer from large uncertainties. 

Excluding the upper limit, we find a Spearman rank-order 
correlation coefficient of r, - 0.61 for a correlation between 
[N/H] and [N/C]. If the second outlier is excluded as well, the 
correlation is tighter yielding r^ - 0.82. A linear fit results in 
[N/C] = (0.35 + 0.07) ■ [N/H] + (0.06 + 0.06). 

Furthermore, the abundance of nitrogen relative to a- 
elements like silicon and oxygen is correlated with [N/H] (lower 
left panel of Fig.|2]l. The rank-order coefficient is r, = 0.69 and 
a linear fit leads to a steep slope of 0.61 + 0.20. The large er- 
ror of the fitted slope reflects the large scatter in this correlation. 
Even though individual abundance estimates may have large un- 
certainties, the presence of a correlation of [N/a] with metallicity 
indicates that the observed absorbers are predominantly enriched 
with secondary nitrogen (see Sect. 16. 2t . However, in contrast to 
associated systems, the [N/a] abundance in intervening systems 
is clearly sub-solar (see upper right panel of Fig. |6]l. The median 
of the distribution is [N/or] = -0.58 and values down to ~ -1.8 
are found. At the same time, a-elements appear to be enhanced 
with respect to carbon to a median level of [a/C] - H-0.41. 



Two of the intervening systems with [N/H] ~ -1.3 show 
rather low [N/a] abundances (^ -1.8) below the expected range 
for enrichment with secondary nitrogen (see also Fig. |9] dis- 
cussed in detail in Sect. I6.2l l. These systems are at z = 1.5966 
towards PKS 0237-23 and z = 1.5855 towards PKS 1448-232, 
representing the lowest redshift absorbers in our sample. The lat- 
ter is a rather unusual system obviously including multiple gas 
phases showing absorption features of Mg i, Mg 11, Al 11, Al m, 
Fe II, Si 11, Si m. Si iv, C 11, C iv, and N v and an unusual low H i 
column density of log A^ w 14.4 (see Fig. IA.2b . A third system 
with [N/H] ~ -1.0 yielding low [N/or] is at z = 1.9656 towards 
HE 2217-2818. Besides Nv and Civ this system exhibits fea- 
tures of O VI and Si iv. Thus we have to assume solar C/O to 
derive a model and independently use silicon as tracer for a- 
elements even though similar Si/C and O/C ratios would be ex- 
pected. 

There are few measurements of relative abundances in the 
IGM, all of them suggesting enhancement of a-elements with re- 
spect to carbon. For the low-density IGM at z > 2 lAguuTe et aU 
(.2004^ find [Si/C] = H-0.77 + 0.05. Values in the range -hO.I < 
[Si/C] < H-0.5 are derived bv lSimcoe et al.l (l2006l) in metal fine 
systems close to high-redshift galaxies at z ~ 2.5. At low red- 
shift Tripp etal. (2002) measure [Si/C] = -hO.2 + 0.1 in an 
absorption system in the Virgo Supercluster Estimates of the 
oxygen abundance at z > 2 lead to -t-0.3 < [O/C] < H-1.3 
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Fig. 7. Abundances derived from photoionization calculations. Left panels show results for the intervening absorbers adopting the 
HMOl background at the appropriate redshift. Right panels display the abundances for the associated systems using the HMOl 
background and an additional QSO power law spectrum (see text). Error bars are derived from models with varying dominance of 
the hard QSO radiation. Data points without error bars are derived assuming the HMOl background as ionizing radiation. The lower 
panels present the relative abundance of nitrogen versus a-elements like oxygen (circles) and silicon (triangles). 



dBergeron et al.ll2002l: pMfer et al.ll2002al) . ISimcoe et alj (|2004 
find [0/C1 ~ +0. 5 for absorbers at z ~ 2.5 and recently 
lAguirre et all (l2008l) have measured [O/C] = +0.66+0.21 in the 
low-density IGM at similar redshif ts. Investigating 7 Ovi sys- 
tems at z ~ 2 Bergeron et al.l (l2002h detect no or very weak N v, 
concluding that [N/O] < but [O/C] > in general agreement 
with our results. 

Besides abundances the photoionization models provide in- 
formations of typical values of the absorbers' physical parame- 
ters. The typical densities derived for intervening absorbers are 
«H - lO^-^'^cm"-' or slightly less. Temperatures are typically 
~ 32 000 K in agreement with the ^-parameters of the N v pro- 
files discussed in Sect. [3] Combining the model parameters it is 
possible to estimate the sizes of the absorbers according to 



/: 



N, 



Nv 



nH/NvlO[N/H](N/H)o 



(1) 



where /nv denotes the ionization fraction of Nv. For interven- 
ing systems typical sizes of a few to several lOkpc are found 
(median 4.8 kpc). About 32 % of the modeled components are 
smaller than < 1 .5 kpc. Since most of them are metal-rich (mean 
[C/H] = -0.26), they may belong to the population of compact, 



metal-rich absorbers found bv lSchave et al.l ( l2007h . The authors 
argued these absorbers are short-lived and could therefore be re- 
sponsible for the dispersion of heavy elements into the IGM. 
As a consequence the enrichment of the IGM is supposed to be 
inhomogeneous. In this picture the wide spread in the relation 
between [N/a] with metallicity would naturally follow from the 
enrichment mechanism. 



5.2. Associated systems 

The associated systems are modeled assuming a HMOl back- 
ground and an additional QSO power law spectrum. Since the 
distance of the absorbing material from the QSO is generally un- 
known, we construct models for different intensity ratios of the 
background and QSO spectrum in the range 0. 1 < /qso/-/hmoi ^ 
100 resulting in spectra like those displayed in Fig. |5] where the 
slope a of the power law for each QSO is listed in Table |2] 
Therefore, we give error bars for the results reflecting the un- 
certainties of the derived parameters with respect to the influ- 
ence of the QSO radiation and the unknown distance between 
absorber and background quasar. Furthermore, it should be kept 
in mind that metal line systems proximate to the quasar may ex- 
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Fig. 6. Distribution of relative elemental abundances [N/C], 
[a/C], and [N/a] (upper panels from left to right) and metallicity 
traced by [N/H], [C/H], and [a/H] (lower panels) for intervening 
(black) and associated systems (red histograms). 



ist in time-variable conditions due to inflows, outflows, or vari- 
ations of the background source. Thus, the absorber might not 
be in equilibrium. Though we assume a single-phase absorber, 
there may exists multiple gas phases remaining unrecognized. In 
this case our models would overestimate the H i column density 
for the considered phase and therefore underestimate the metal- 
licity. In the following we first will give some remarks on indi- 
vidual systems and then present the results from our sample of 
associated absorbers. 

The complex associated system towards HE 2347-4342 has 
be en analyzed to constr ain the spectrum of the i onizing radiation 
by Fechner et al.l (120041) and more recently by iLevshakov et al.l 
( |2008|) . For our study of the Nv absorption we consider three 
groups of absorption features at z = 2.8916, 2.8972, and 2.9027 
(Fi gs. IA.25IIA. 261 and | A.27b . The latter complex has been found 
by iFechner et alj (|2004|) to be exposed to an extremely hard 
radiation field, while the former two complexes are ionized 
by a softer spectrum, possi bly by the filtered radi ation of the 
background QSO (see also ILevshako v et al.' '2008|. Therefore 
adding a power law with a - -1-0.56 ( Telfer et alJ l2002bh 



to 

the UV background will result in an ionizing spectrum too hard 
for the two lower redshift absorption complexes. Such a spec- 
trum, indeed, leads to unrealistically high metallicities [C/H] ~ 
-h4.4. Testing a slightly softer spectrum with a = 0.0 reduces 
the metallicity to [C/H] ~ -1-3.6, which would still mean a 
metallicity of ~ 40 00 s olar. Consistent with the results from 
iFechner et al.l (1200 4') and 'L evshakov et al.l (l2008l) we assume a 
HMOl background as ionizing radiation, which should lead to 
more realistic models. The results for these models are indicated 
in the right panels of Fig. |2]without error bars. 

A special system is at z = 2.1475 toward s HE 1341-1020, 
recently analyzed by 'Levs hakov et al.l (l2008l) . Features of var- 
ious low and high ionized species are detected in three compo- 
nents (Mg II, Al II, Al m. Si ii. Si in. Si iv, C ii, C iii, C iv, N ii, N iii, 
N V, and O vi; see Fig. |A.19T l. Since all highly-ionized species are 
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Fig. 8. Comparison of the abundances derived under the assump- 
tion of a hard ionizing spectrum (HMOl background and addi- 
tional QSO power law; see text) and the HMOl background only 
as limit for the softest ionizing spectrum. The left panel shows 
the metallicity traced by carbon, nitrogen, and the a-elements, 
respectively, where the resulting metallicity is generally higher 
for harder spectra. The outliers are the three associated sub- 
systems towards HE 2347-4342. The right panel presents the 
relative abundances [N/C], [N/a], and [a/C], which are rather 
independent of the hardness of the adopted ionizing radiation. 



severely saturated, the N v gas phase cannot be modeled reliably. 
However, a feature of C ii* A 1335 is detected as well. Therefore, 
it is possible to estimate the electron de nsity from the ratio of 
the measured C ii'/C ii column densities dBahcall & Wolj[l968l) 



usmg 



All iNcii- 



J 12 \Ncii 



where An is the transition probability for spontaneous radia- 
tive decay and 712 is the rate coefficient for collisional exci- 
tation by electrons. For the strongest component we measure 
logA^cii = 14.20 + 0.01 and log A^cn- ^ 12.4 9 + 0.03. Adopting 
A21 = 2.29 ■ 10:Vi(Silva & \^gai|200l) and jn = 1.58 ■ 
10-^ ' ■ ' 



em's ' dTrippet alj|19 96) yields n,. 



0.278 cm-^ This 
value is assumed to equal roughly the hydrogen density hh- 
Then photoionization models can be computed where the metal- 
licity and the relative abundances are the only free parameters. 
Since these models describe the low-ionization gas phase, the ni- 
trogen abundance is constrained by the well-measured N 11 col- 
umn density. Remarkably, the observed features of all lowly and 
highly ionized species are reproduced best if the ionizing radi- 
ation is strongly dominated by the QSO power law spectrum. 
The best-fit model is found for /qso - 100 • /hmoi at 1 Ryd 
yielding [C/H] = H-0.32, [N/C] = -0.18, [Si/C] = +0.43, 
[Mg/C] = +1.01, and [Al/C] = +0.05, i.e. super-solar metal- 
licity with slightly underabundant nitrogen and enhancement of 
a-elements. 

Three of our associated systems (z - 2.4427 towards 
HE 1158-1543, z = 2.6362 to wards Q 045 3-4 23, an d z = 2.7091 
towards PKS 0329-255; Figs.|A22lE23l and lAiM are also part 
of a s ample of associated systems studied by iD'Odoricoet al.l 
(2004). While the column density estimates are in excellent 
agreement, we generally find higher metallicities. This discrep- 
ancy is clearly due to the different spectral ener gy distribution of 



the ionizing radiation assumed in the models. D'Odoricoet al 
(2004) adopt a composite QSO spectrum from Cristiani & Vio 
(1I99O1) . which is described by / oc v" with a spectral index 
of a = -1.6 above the Hi Lyman limit {E > 1 Ryd). This 
means their spectrum is softer compared to the combination of 
HMOl and a substantial contribution of the a = -1.0 power law. 
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Generally, adopting softer ionizing spectra would shift the re- 
sults presented in the right panels of Fig. Qto the upper left, i.e. 
would lead to lower metallicities (up to 1 dex depending on the 
degree of softening). This is further illustrated in Fig. |8] which 
shows the metallicities (left panel) and relative abundances (right 
panel) of the associated systems derived under the assumption of 
a hard ionizing radiation including the QSO power law spectrum 
versus the results for a HMOl background only. Assuming the 
HMOl background as ionizing spectrum means that the associ- 
ated absorbers are completely shielded from the QSO radiation. 
Thus the estimated abundances are yielded in the limit of the 
softest ionizing radiation. The outliers in the left panel of Fig. [8] 
leading to extremely higher metallicity when adopting the hard 
spectra are the three systems towards HE 2347-4342 that are 
known to have particular characteristics and have been discussed 
above. Excluding these systems, the metallicity estimated for the 
hard ionizing spectrum is on average (0.7 + 0.3) dex higher for 
each considered element. Thus a rough estimate of the system- 
atic error due to the uncertain spectral energy distribution of the 
QSO is ~ 0.7 dex. However, the relative abundances are rather 
robust with respect to the hardness of the ionizing radiation as 
can be seen from the right panel of Fig. [8] While for [N/C] and 
[a/C] the soft radiation yields on average slightly higher values 
(0.1 ± 0.2 and 0.1 + 0.3 dex, respectively), the average offset is 
negligible for [N/a] (0.0 + 0.2 dex). Therefore, we are confident 
about our results of the relative abundances derived for the as- 
sociated absorbers despite the severe uncertainties regarding the 
ionizing spectral energy distribution. 

However, the estimated metallicity in associated systems is 
generally higher than in intervening absorbers (lower panels of 
Fig. |6j independent of the ionizing spectrum. The median val- 
ues derived for the associated systems are [N/H] = -1-0.61 and 
[C/H] = -1-0.66, respectively, about 1.3 dex higher than for the 
intervening systems. If all intervening N v systems were exposed 
to radiation harder than the standard UV background, the esti- 
mated metallicities increase by ~ 0.9 dex to median values of 
[N/H] = H-0.23 and [C/H] = H-0.26. This is still 0.4 dex lower 
than the values derived under the same assumptions for the as- 
sociated systems. On the other hand, if the associated systems 
would be exposed to a considerable softer radiation field, e.g. to 
a HMOl background as the limit for the softest spectrum (see 
above), the metallicity estimates are lower but the median abun- 
dances are still slightly super-solar. We then find [N/H] - -i-O.ll 
and [C/H] = H-0.18, roughly 0.8 dex larger than intervening 
systems exposed the same background. Thus the finding of as- 
sociated systems being statistically more metal-rich than inter- 
vening absorbers is independent of the hardness of the adopted 
ionizing radiation. High metallicities of roughl y solar values 
are u s ually found in ass ociated absorbers (e.g. iPetitiean et al. 
1994t iTripp et alj 119961: IW ampler et al. 1996; HamannetaL 



1997:JPapovich et al.ii2000'r iD'Odorico et al..i2004; iGabel et al. 



2006tlGa ngulv et al. 2006) c onsistent with studies of QSO emis- 



sion lines (e. g. Hamann & Ferland 1999', lOietrich et al] 120031; 
iBradlev et al.i 200 4). Due to the simplifying assumption of the 
pure power law continuum for the QSO spectrum, our estimates 
tend to higher values though they are broadly consistent with 
estimates from the literature in case of the softest spectra, i.e. 
when the contribution from the background QSO to the ionizing 
radiation is small. 

The [N/a] abundance for the associated absorbers is tightly 
correlated with the metallicity [N/H] (lower right panel of Fig. 
|7]i. The Spearman rank-order coefficient yields r, - 0.87 and the 
relation is very well fitted by [N/a] = (0.35 + 0.09) ■ [N/H] - 
(0.00 + 0.10). A correlation between [N/H] and [N/C] is no- 



ticed in the upper right panel of Fig. |7] The Spearman rank- 
order coefficient is r, - 0.75 and a linear fit yields [N/C] = 
(0.30 + 0.14) • [N/H] - (0.35 + 0.13). The slope, which is inde- 
pendent of a systematic bias in the metallicity is consistent with 
the best fit for the same correlation in intervening systems. 

Several authors report on enhanced nitrogen abundances 
in absorption syste ms close to a background quas ar and 
AGN outflows (e.g. IPetitiean etaL|[r9 94; Petit iean & Srianandl 
1999; D'Odorico et al. 2004; lGabel et a l. 2006; Arav et al.l2007l; 
fields et al.i i2007i) . From the 1 1 associated systems investi- 
gated in this work 3 (27 %) show clearly enhanced nitrogen 
with [N/C] > 0. This number would increase to 4 (36 %) if 
the softer HMOl ba ckground is adopted as ionizing radiation. 
iMisawa et al.l (l2007h defined a category of N v-strong intrinsic 
absorbers with large N v equivalent widths and rather weak C iv 
and Hi features. They classified 11 out of 28 systems (39%) 
as N v-strong. By definition such absorbers should have a low 
Civ/Nv ratio. Our nitrogen-rich absorbers seem to belong to 
this category when comparing the measured column density ra- 
tios. The mean C iv/N v ratio of the nitrogen-rich components 
is log(A^civ/A^Nv) = -0.25 + 0.35 (median -0.26), which is 
clearly lower than the average column density ratio of the associ- 
ated components with [N/C] < (-1-0.55 + 1.14, median +0.27). 
Moreover, our nitrogen-rich absorbers show on average weak 
Hi (logA^Hi - 12.9), while the other components have stronger 
Hi features (logA^Hi - 14.5). Therefore, our sample of asso- 
ciated absorb ers suggests t hat sy stems classified as N v-strong 
according to Misawa et al.l (l2007b . are indeed nitrogen-rich with 
[N/C] > 0. Within our rather small sample these are ~ 30 % of 
the associated N v systems. 

Regarding the physical parameters, associated absorbers are 
denser than the intervening yielding typically ne - 10"^ ** cm"^. 
The distribution shows indication for a second peak at ^ 
10"''^ cm"-', which may be an effect of the small numbers statis- 
tics. The temperatures are ~ 30 000 K or slightly less comparable 
to those of the intervening systems. Absorber sizes estimated ac- 
cording to Eq.[T]are a few 10 to a few 100 pc, roughly one order 
of magnitude smaller than the intervening absorbers. 



6. Discussion 

6.1. Indications for hard ionizing spectra and local sources 

Comparing the column densities of related N v and C iv, we have 
argued in Sect. [3] that the different slopes found for interven- 
ing and associated systems indicate a different ionizing radia- 
tion field. This is in disagreement with the hypothesis that in- 
tervening N V systems might arise preferentially close to radia- 
tion sources locally hardening the UV background. In order to 
test this conclusion independently we compare the results ob- 
tained with the soft HMOl models to those assuming an addi- 
tional contribution of a power law spectrum oc v" with spectral 
index a = -1.0. The harder models are computed for different 
intensity ratios 0.1 < /qso/-/hmoi ^ 100 at 1 Ryd and are dis- 
played in Fig. |5] We find that the intervening systems are gener- 
ally consistent with ionization by the soft HMOl background. 

Furthermore, for 7 out of 16 intervening systems (~ 44%) 
a very hard spectral energy distribution can be excluded. Any 
power law contribution to the radiation ionizing the system at 
z = 1.5855 towards PKS 1448-232 leads to very high metalHc- 
ities and inconsistent models. Similar problems arise for spec- 
tra with /qso/-/hmoi > 0.1 for the systems at z = 2.0626 to- 
wards Q 0122-380 and z = 2.0764 towards Q 0329-385. The 
system at z = 1.7236 towards PKS 1448-232 cannot be mod- 
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eled with very hard spectra 7qso/-/hmoi > 3.0. Absorption fea- 
tures of C 11 and Si ii, respectively, are overestimated for systems 
z = 2.2510 towards Q 0329-385, z = 1.9744 towards Q 0122- 
380, and z = 2.2212 towards HE 0940-1050 when applying 
some of the tested energy distributions. While the former are 
inconsistent with /qsoZ-^hmoi > 0.1, the latter can be modeled 
with harder spectra up to /qsoZ-Zhmoi ~ 0.3. 

To summarize, none of the intervening N v systems requires 
a harder ionizing radiation field than the HMOl background to be 
modeled consistently. In contrary, for about half of the systems 
the contribution from a hard power law spectrum has to be low 
(-/qso/-/hmoi ^ 0.3) to produce consistent models. Therefore, 
intervening N v absorption does not arise predominately in the 
vicinity of foreground QSOs where the radiation field is sup- 
posed to be harder, but rather in "normal" intergalactic absorp- 
tion systems. 

6.2. Implications for metal enrichment 

Nitrogen is mainly produced in intermediate mass stars and 
is therefore released later into the interstellar and intergalactic 
space compared to a-elements whose main production sites are 
Type II supernova explosions. Thus, the relative abundances of 
these elements in astronomical objects depend on the overall 
level of enrichment. In low-metallicity environments or-elements 
are usually enhanced with respect to carbon while nitrogen is un- 
derabundant. We therefore expect to find different distributions 
of [a/C] and [N/a] for the intervening absorbers, which are gen- 
erally metal-poor ([C/H] < 0) and the metal-rich ([C/H] > 0) 
associated systems. Comparing the abundance estimates in the 
upper panels of Fig. |6] intervening absorbers have generally 
lower [N/a] and higher [a/C] values (median -0.58 and +0.41, 
respectively), whereas for associated systems we find about so- 
lar [N/a] (median -1-0.05) and sHghtly subsolar [a/C] - -0.29. 
Thus, we confirm that [a/C] and [N/a] trace the overall metal- 
licity in the sense that metal-poor systems show enhanced a- 
abundances compared to carbon and nitrogen. 

In Fig.|9]we compare our estimates of [N/a] versus metal- 
licity (traced by [N/H] (left panel) and [a/H] (right panel), re- 
spectively) to results collected from the literature. The abun- 
dance of nitrogen has been measured in vari ous objects such 
as DLAs (e.g . |Prochaska et al. 2002; Centu rion etall 120031: 
lPetitieanetaLl l2008; Pettini et al. 2002, 2008\ extragalactic 
Hii regi ons (e.g. iKobulnicky & Skill man 1996; Ferguso n et al.l 
'1998; va n Zee et al.ll 19981; IIzotov"&T huan 1999; van Zee 2000; 
Melbour ne et al.ll2004 Ivan Zee & Havnesii2006i; iMallerv et al.i 
2007), and stars in the h alo of the Milky Way jlsraelian et al.l 
'2004t ISpite et al.1 12005 '). At metallicities [N/H] > -1 (or 
[a/H] > -0.4) the nitrogen abundance appears to be domi- 
nated by secondary nitrogen and [N/a] increases with metal- 
licity. At lower metallicity there is a plateau of nearly constant 
[N/a], which is attributed to primary nitrogen. Measurements 
in extragalactic H ii regions in the local Universe and in metal- 
poor stars in the Milky Way find [N/a] ~ -0.7 as plateau 
value. Abundance estimates in metal-poor DLA systems lead 
to even lower values and a second plateau near [N/a] ~ 
-1.5 is discussed ( Prochaska et al. 2002; Centurion et al. 2003; 
iRichter et al.l2005l;lPetitiean et al . 2008; P ettini et al.l2008 ). Our 
abundance estimates generally follow the distribution from the 
literature approximately down to [N/a] 1.0, except two se- 
vere outliers that have been discussed in Sect. 15.11 

The estimated [N/a] abundances at [N/H] > -2.0 can be 
fitted with [N/a] = (0.53 + 0.09) ■ [N/H] - (0.14 + 0.10) consid- 
ering both intervening and associated systems. The relation is in- 



dicated as dotted line in the left panel of Fig.|9] It is in very good 
agreement with the measurements in extragalactic H ii regions 
and halo stars in the same metallicity range. Therefore, the ma- 
jority of the analyzed absorption systems appears to be enriched 
with secondary nitrogen. The expected distribution in case of 
enrichment with secondary nitrogen is represented by the dotted 
line in the right panel of Fig. |9] In particular, the associated sys- 
tems tracing metal-rich environments (> 0.1 solar) follow a tight 
relation. The estimated values for the intervening systems show a 
larger scatter, indicating inhomogeneous e nrichment with nitro- 
gen. This can be interpreted in the sense of ISchave et al.l (l2007l) 
who argue that the IGM is enriched by short-lived metal-rich 
clouds leading to inhomogeneous enrichment with heavy ele- 
ments. 

The second plateau of primary nitrogen at [N/H] < -2.8 
in DLA systems is not probed with the present sample since 
the lower, non-DLA H i column densities of the intervening ab- 
sorbers and our C iv-based selection procedure favor metal-rich 

absorption systems. For a typical absorber with lognn 3.5, 

logA^Hi ^ 16, and [a/H] ~ -2.8 at z ~ 2 we would expect 

logA^Nv ^ 11.2 if [N/a] 1.5, which is below our detection 

limit. In order to investigate the nitrogen abundances of inter- 
vening absorbers at this metallicity level the dominant ionization 
stage N IV has to be studied, which arises in the UV (rest wave- 
length 765.148 A;' Verner et al.|[l994l) . For this species a roughly 
0.5 dex higher column density is expected. 

Out of the 11 modeled intervening systems 5 yield [N/a] < 
-1.0. Except the unusual multi -phase absorber at z = 1.5855 
towards PKS 1448-232 all these systems show rather strong Hi 
absorption. From the absorbers with [N/a] > -1.0 only 2 have 
comparable strong Hi features. However, 3 of the 5 low-[N/a] 
systems are at low redshifts. The combination of low-redshift 
and strong H i absorption means that the H i column density re- 
lies on the measurement for a saturated Lya feature since higher 
orders of the Lyman series are beyond the observed spectral 
range. We therefore might underestimate the hydrogen content 
of these absorbers and overestimate the metallicity. Moreover, 
a possible multi-phase structure of the absorbers may bias the 
estimated metallicities. In Sect. |4] we have estimated the corre- 
sponding uncertainty in the derived abundances to be < 0.5 dex. 
Furthermore, the ionizing radiation might be harder than as- 
sumed. Studies of metal lines systems suggest that the UV back- 
ground a^j_g_^I) is significantly harder than at higher red- 
shifts dFechner et al . 2006; Agafonova et al. 2007). If a power 
law spectrum with spectral index -1.0 is added to the appropri- 
ate HMOl background, the outliers in Fig.|9]shift to larger [N/H] 
and [N/a] but are still below the expected parameter range. 

The nitrogen-poor absorbers exhibit large [a/C] abundances 
(and low [N/C]). Since both, low [N/a] and large [a/C] are ex- 
pected for low metallicity systems, an anti-correlation between 
these quantities is expected. Fig. [10] shows [N/a] versus [a/C] 
and a clear anti-correlation in seen. Considering the total sam- 
ple of systems with a-element abundance measurements in the 
range -1.0 < [a/C] < +1.5, the rank-order coefficient is 
r, = -0.82. The anti-correlation can be fitted with a straight 
line yielding [N/a] = -(1.04 + 0.13) ■ [a/C] - (0.15 ± 0.08) 
indicated as dotted line. If a harder ionizing radiation is assumed 
for the low-redshift systems, the abundances are adjusted but do 
not modify the fitted relation. 

The abundanc es of metal-poor halo stars adopted from 
ISpite et al] (l2005l) appear to be consistent with this relation 
even t hough the values cluster at [a/C] ~ +0.7. Akerman et al] 
(|2004 find [O/C] ~ +0.5 as a typical value in metal-poor 
halo stars depending on [0/H]. The authors relate the increas- 
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Fig. 9. Abundance of [N/a] versus metallicity [N/H] (left panel) and [a/H] (right panel), respectively. The results from this work 
(black circles/triangles indicate oxygen/silicon estimates) for the total sample of intergalactic N v systems (without error bars) and 
systems associated to a background QSO (with error bars, but se e text) are compared to values measured in damped Lya systems 
(blue dots; following the co mpilation given by|P ettini et al. ( 20081) and adding the measuremen t of Richter et al. 200 ^, extragalactic 
Hii regions (green crosses; Kobulnickv & Skillman 1996; Ferguson et al. '19981: Ivan Zee et al.lll998i;ilzotov & T huan 1999; vanZer 
2000; Melbourne et al. 2004; van Zee & Havnes 2006; Mallerv et al. 2007), and metal-poor stars(red squares; Israelian et al. 200'^ 
Spite et al.ll2005l) . The dotted line in the left'panel represents a Hnear fit [N/a] = (0.53 + 0.09) ■ [N/H] - (0.14 + 0.10) to the mea 
surements in intervening and associated systems. In the right panel the dotted line indicates the expected distribution for secondary 
nitrogen. 






1 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 


1 




- O.. A O 




- 





- , ^ 


§^. aa;^ 




- 




' «' 




1 


— 


Sf D 


A 


— 




1— 


A A 


- 






2 


- 




- 




1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 


1 



-0.5 0.0 0.5 1.0 1.5 

[a/C] 

Fig. 10. Abundance of [N/a] versus [a/C]. The results from 
this work (black circles/triangles indicate oxygen/silicon) for 
the total sample of intergalactic (without error bars) and asso- 
ciated (with error bars) absorbers are compared to values mea- 
sured in damped Lya sys t ems (blue d ots; D'Odorico & Molaro 
12004 iRichter et al.il2005t lErni et al.1 120061: iPettini et al.ll2008h . 
extragalactic H II r egions in metal-poo r galaxies (green crosses; 
iGamett et al.] [T99 9; KobulnjckiL&Skillman 1998, and refer- 
ences therein) and metal-poor halo stars (red squares ; rSpite et all 
l2005i!) . The dotted line represents a linear fit to our data points 
yielding [N/a] = -(1.04 + 0.13) ■ [a/C] - (0.15 + 0.08). 



ing [O/C] value with decreasing oxygen abundance to the metal- 
licity dependence of the carbon yields of massive stars with 
mass loss. However, the origin of carbon in the Milky Way is 
complex. While some authors argue the main production site 



of carbon should be massive stars (e.g. iGustafsson et aljri999l ; 
Henrv et al...2000. where the latter also include extragalactic H ii 
regions), others find carbon has to be produced mainly in low- 
and intermediate-mass stars in the Milky W ay and other galax- 
ies I Chiappini et al. 2003a b). More recentlv. lBensbv & Feltzin j 
(2006) suggest that massive stars dominate the carbon produc- 
tion at low metallicities while intermediate- and lo w-mass stars 
become important at higher metallicities (see also ICarigi et al] 

I2OO5I) . 

Kobulnickv & SkillmanI ( Il998l) find a relation between 



[N/O] and [O/C] in metal-poor galaxi es. Their data poin ts to- 
gether with measurements obtained by iGarnett et al.l ( 1199 9) are 
also presented in Fig.[TOl They cover the range 0.0 < [a/C] < 
+0.5 and follow well the fitted relation. The authors conclude 
that the correlation reflects the global enrichment of the inter- 
stellar medium resulting from the star formation history in each 
investigated galaxy. The slope of the relation is supposed to de- 
pend on the initial mass function fixing the ratio of carbon and 
nitrogen producing stars. iGarnett et al.l (1199 9) find that [N/C] is 
independent of [O/H] while [O/C] depends on the metallicity 
in extragalactic Hii regions. Therefore, carbon and nitrogen are 
supposed to be produced in similar stellar mass ranges. 

If in low-metallicity environments carbon is mainly gen- 
erated in massive stars, those stars are expected to contribute 
most of the carbon in the IGM. The estimate of [Si/C] ^ 
0.77 with small scatter in the low-density IGM dAguirre et al.l 
I2OO4 I) indicates no inhomogeneity in [Si/C], suggesting a com- 
mon origin of silicon and carbon, presumably massive stars. 
Considering very massive stars (500 - l OOOMfr,) exploding as 
core-collapse supernovae, lOhkubo et al.l (l2006i) reproduced the 
observ ed [Si/C] value. On the other hand, iMatteucci & Calural 
(2005) studied the chemical enrichment due to very massive 
Population 111 stars, and according to their calculations pair- 
instability supernov ae cannot account for the observed [Si/C] 
at z ~ 5 derived bv lSongailal (1200 Ih . Furthermore, enrichment 
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by Pop III stars predict far too little nitrogen to be consistent 
with the abundance ratios in DLA systems. Therefore, a sig- 
nificant contribution to the carbon and nitrogen abundance by 
intermediate- and low-mass Pop II stars is required. 

DLA systems with reliable estimates of the carbon abun- 
dance are rare (D'Odorico & Molaro 2004 iRichter et alj|200l 
lEmi et al.1 l20b6t iPettinietal .1 12008) since the Cii features are 
usually saturated. The existing measurements are indicated in 
Fig. [To] as well. Though there are only 5 data points and one up- 
per limit, [N/ff] in DLAs appears to be systematically lower than 
in intergalactic systems with the same [a/C]. Since the DLAs 
with exis ting carbon measurements are the most metal-poor (e.g. 
lErni et al . 2006), their [N/o-] is believed to represent the value 
for enrichment with primary nitrogen and thus is supposed to be 
constant. The discrepancy to the [N/a]-[a/C] -relation for inter- 
vening and associated systems therefore confirms that the latter 
are enriched by secondary nitrogen. 

Summarizing, we speculate about the origin of carbon and 
nitrogen in the IGM. Provided that the nitrogen abundance is 
dominated by secondary nitrogen as concluded from Fig.|9] the 
absorbers are supposed to be enriched by intermediate mass 
stars. That means the enrichment should have occurred only re- 
cently due to the time delay between the release of a-elements 
created in massive stars and nitrogen produced in intermediate- 
mass stars. Carbon can be produced in stars of very different 
masses. Therefore, the carbon in the observed systems might 
be dominated by material produced in intermediate-mass stars 
as well. Thus, the correlation might indi cate a commo n origi n 
of carbon and nitrogen as suggested by iGarnett et al.l (Il999h . 
However, the yields of C and O from massive stars are aff'ected 
by the mass loss during the stellar evolution which in turn de- 
pends on the metallicity. On the other hand, if [N/C] correlates 
with [N/H] as indicated by our measurements, a different ori- 
gin of nitrogen and carbon is suggested with carbon released 
earlier. From the observed correlations only we speculate that 
a-elements presumably are released into the IGM first, then car- 
bon, and most recently nitrogen, thus in an order that reflect the 
decreasing masses of their stellar production sites. However, re- 
sulting abundances then depend on the IMF making the inter- 
pretation of observed ab undance ratios a complex problem (e.g. 
iMatteucci & Chiappinii2005.) . For a detailed interpretation mod- 
els applying nucleosynthesis yields for diff'erent types of the IMF 
would be required, which is beyond the scope of this work. 

7. Summary and conclusions 

We have performed a survey for N v absorption systems in 
the spectra of 19 QSOs observed with VLT/UVES. The Nv 
systems are selected from 198 intervening and 30 associated 
metal line systems exhibiting Civ features, where absorbers 
within |Av| < 5000 km s' from the QSO emission redshift are 
classified as associated. 

(1) In total, 21 intervening systems with 61 individual 
components and 11 associated systems with 46 individual 
components are identified in the redshift range 1.5 < z < 2.5. 
Thus, the fraction of Civ systems exhibiting Nv features is 
roughly 1 1 % and 37 % for intervening and associated absorbers, 
respectively. The rate of incident for intervening N v systems is 
dNIdz = 3.38 ± 0.43, corresponding to dNIdX = 1.10 + 0.14. 

(2) The column density distribution function can be de- 
scribed by the slope fi - 1.89 ± 0.22. This slope is consistent 
with measurements for Civ and Ovi, suggesting a common 



origin of these species, which is photoionized gas. Further 
evidence for photoionization is provided by the narrow line 
width of the Nv components (&nv ~ 6kms ' for the inter- 
vening systems), implying temperatures of T ~ 3 ■ 10'*K too 
low for collisional ionization that produces N v at much higher 
temperatures of T ~ 2 ■ 10^ K. The N v features in the individual 
systems are detected at the same position as C iv while O vi is 
shifted in velocity space to slightly higher values, typically by 
vovi - vciv - +4kms"'. Therefore, Nv is apparently in the 
same gas phase as C iv despite its higher ionization potential. 

(3) The column densities of the Nv and Civ components 
are closely correlated with different slopes for intervening and 
associated absorbers where intervening systems exhibit gener- 
ally weaker Nv features than associated systems. The different 
slopes indicate a different spectral energy distribution of the 
ionizing radiation. While associated absorbers are exposed to 
the hard spectrum of the background QSO, the intervening 
systems are ionized by the su bstantially softer radiati on of the 
intergalactic UV background dHaardt & Madaull200lL HMOl). 
In conclusion, intervening N v features arise in rather "normal" 
intergalactic metal absorption systems and do not trace locally 
hardened radiation. This interpretation is supported by extensive 
photoionization modeling testing several spectral energy distri- 
butions. No indications for ionizing spectra substantially harder 
than the HMOl background are found in case of intervening 
systems. 

(4) Detailed photoionization models are derived for each 
system in order to estimate the elemental abundances of the 
absorbers. We estimate a systematic error of roughly 0.7 dex 
for the individual metallicities of the associated absorbers due 
to the uncertain spectral energy distribution of the background 
QSO. The resulting metallicities for intervening systems are 
typically low with a median of [C/H] = -0.63. a-elements 
like oxygen and silicon are enhanced yielding median values 
[a/C] = -1-0.41 and [N/a] - -0.58, respectively. The typical 
density is nn - lO"-^'* cm"-^ and sizes of a few to several lOkpc 
with a median ~ 5 kpc are found. In contrast, associated systems 
are more metal-rich independently of the adopted radiation field, 
having solar metallicity or even higher (median [C/H] - +0.66) 
and nearly solar relative abundances ([a/C] = -0.29 and 
[N/a] - -0.05, respectively). These absorbers are denser, 
yielding hh <: 10"^** cm"-', and about one order of magnitude 
smaller with typical sizes of 10 to a few lOOpc. 

(5) For both intervening and associated systems [N/C] 
and [N/a] are correlated with metallicity where nitrogen is 
more abundant in metal-rich absorbers. The increase of [N/a] 
with [N/H] suggests that the nitrogen content is dominated 
by secondary nitrogen. The best-fit slope is ~ 0.5 consistent 
with abundance measurements in extragalactic Hii regions 
and metal-poor halo stars. The values inferred for intervening 
systems show a larger scatter around this relation, indicating 
more inhomogeneous enrichment of the IGM. With our sample 
we only probe systems with [N/H] > -2.0. In order to detect 
nitrogen in lower-metallicity, intervening systems N iv has to be 
surveyed whose main transition would arise in the UV at z = 2. 

(6) The relative abundances [a/C] and [N/a] trace the 
overall metallicity in the sense that metal-poor systems 
show enhanced a-abundances compared to carbon and nitro- 
gen. [N/a] is anti-correlated with [a/C]. A linear fit yields 
[N/a] = -(1.04 + 0.13) • [a/C] - (0.15 + 0.08). This coiTelation 
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is consistent with abundance measurements in metal-poor halo 
stars and extragalactic H ii regions, whereas the most metal-poor 
DLA systems do not fit the relation, probably reflecting the 
difference between primary and secondary nitrogen enrichment. 
Since the investigated sample is selected by N v, the systems are 
expected to be rather nitrogen-rich and therefore dominated by 
secondary nitrogen. The relation between [N/a] and [a/C] could 
be used in future studies to constrain the initial mass function of 
the carbon-and nitrogen-producing stellar population. 
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Fig.A.l. Intervening system at z = 1.5771 towards HE 0001- 
2340. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig. A.2. Intervening system at z = 1.5855 towards PKS 1448- 
232. Smooth lines indicate the profiles for the HMOl model. This 
system has a least two gas phases where the gas phase giving 
rise to features of low-ionization species is not included into the 
model. 
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Fig.A.5. Intervening system at z = 1.9656 towards HE 2217- 
2818. Smooth lines indicate the profiles for the favorite HMOl 
model. 



Fig. A.3. Intervening system at z = 1 .5966 towards PKS 0237- 
23. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig. A.4. Intervening system at z = 1.7236 towards PKS 1448- 
232. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig. A.7. Intervening system at z = 2.0422 towards PKS 0237- 
23. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig. A.6. Intervening system at z = 1.9744 towards Q 0122-380. 
Smooth lines indicate the profiles for the favorite HMOl model. 



Fig. A.8. Intervening system at z = 2.0626 towards Q 0122-380. 
Smooth lines indicate the profiles for the favorite HMOl model. 
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Fig.A.ll. Intervening system at z = 2.1162 towards HE 1347- 
2457. Smooth lines indicate the profiles for the favorite HMOl 
model. 



Fig. A.9. Intervening system at z = 2.0764 towards Q 0329-385. 
Smooth lines indicate the profiles for the favorite HMOl model. 
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Fig. A.IO. Intervening system at z = 2.1098 towards PKS 1448- 
232. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig. A.12. Intervening system at z = 2.2212 towards HE 0940- 
1050. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig.A.13. Intervening system at z = 2.2354 towards HE 1158- 
1843. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig.A.15. Intervening system at z = 2.2510 towards Q 0329- 
385. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig.A.14. Intervening system at z = 2.2464 towards Q 0420- 
388. Smooth lines indicate the profiles for the favorite HMOl 
model. 



Fig. A.16. Intervening system at z = 2.2753 towards HE 2347- 
4342. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig. A.17. Intervening system at z = 2.4686 towards HE 0151- 
4326. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig.A.18. Associated system at z - 2.1462 towards HE 1341- 
1020. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig. A.19. Associated system at z = 2.1475 towards HE 1341- 
1020. Smooth lines indicate the profiles for the favorite model 
with a HMOl background and an additional power law spectrum 
oc V ' " strongly dominating the ionizing radiation. 
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Fig. A.20. Associated system at z = 2.3520 towards Q 0329-385. 
Smooth lines indicate the profiles for the favorite HMOl model 
plus an additional small contribution of a power law spectrum 
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Fig.A.22. Associated system at z = 2.4427 towards HE 1158- 
1843. Smooth lines indicate the profiles for the favorite model 
with a HMOl background and an additional power law spectrum 
0^ y-i.o strongly dominating the ionizing radiation. 
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Fig.A.21. Associated system at z = 2.4278 towards HE 1158- 
1843. Smooth lines indicate the profiles for the favorite model 
with a HMOl background and an additional power law spectrum 



oc V strongly dominating the ionizing radiation. 
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Fig. A.23. Associated system at z = 2.6362 towards Q 0453-423. 
Smooth lines indicate the profiles for the favorite HMOl model 
plus an additional small contribution of a power law spectrum 
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Fig. A.24. Associated system at z = 2.7091 towards PKS 0329- 
255. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig.A.25. Associated system at z = 2.8916 towards HE 2347- 
4342. Smooth lines indicate the profiles for the favorite HMOl 
model. Due to the marginal detection of C iii is the blue compo- 
nents, which may lead to uncertain density estimates, we slightly 
overestimate the blue wing of the H i features in order to keep the 
metallicity constant in all 3 components. 
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Fig. A.26. Associated system at z = 2.8972 towards HE 2347- 
4342. Smooth lines indicate the profiles for the favorite HMOl 
model. 
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Fig. A.27. Associated system at z = 2.9027 towards HE 2347- 
4342. Smooth lines indicate the profiles for the favorite HMOl 
model plus an additional small contribution of a power law spec- 



trum OC V 
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Fig. A.28. Intervening system at z = 1.5814 towards HE 0001- 
2340. Due to few detected species no photoionization model can 
be constructed. Smooth lines indicate Doppler profile fits. 
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Fig. A.29. Intervening system at z = 1.6109 towards PKS 0237- 
23. Due to few detected species no photoionization model can 
be constructed. Smooth lines indicate Doppler profile fits. 
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Fig.A.30. Intervening system at z = 1.8748 towards Q 0109- 
3518. Due to few detected species no photoionization model can 
be constructed. Smooth lines indicate Doppler profile fits. 
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Fig. A.32. Associated system at z = 2.8780 towards HE 2347- 
4342. Due to few detected species no photoionization model can 
be constructed. Smooth lines indicate Doppler profile fits. 




Fig.A.31. Intervening system at z = 1.9144 towards HE 1158- 
1843. Due to few detected species no photoionization model can 
be constructed. Smooth lines indicate Doppler profile fits. 
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Table B.l. Line parameters of intervening Nv absorption systems. The ionization parameter has been estimated adopting a iHaardt & Madaij 
J2001h UV background at the appropriate redshift normalized to log 7(1 Ryd) = -21.15. 



QSO 


■^sys 


logM 


:ys(Hl) 


# 


logf/ 


ion 


v(kms-') 


lOi 


IN 


b(kms-') 


HE 0001-2340 


1.5770 


14.198 


±0.105 


1 


-1.90 


Nv 


-1.2 


±0.3 


13.054 


± 0.023 


4.61 


±0.57 














Civ 


-3.3 


±0.0 


13.704 


± 0.004 


6.14 


±0.03 














Cn 


-0.3 


±0.3 


12.785 


± 0.028 


2.80 


±0.49 














Si IV 


-1.6 


± 1.0 


11.956 


± 0.099 


1.21 


±1.28 














Mgii 


-1.1 


±0.3 


11.366 


± 0.041 


1.50 


±0.00 


HE 0001-2340 


1.5815 


13.475 


± 0.025 


1 




Nv 


0.5 


±0.4 


12.718 


±0.071 


1.73 


±0.89 














Civ 


-5.1 


±0.4 


13.100 


± 0.099 


4.20 


±0.63 


PKS 1448-232 


1.5855 


14.415 


+ 0.050 


1 


-1.07 


Nv 


0.6 


±0.5 


13.235 


±0.031 


8.66 


±0.80 














Civ 


-1.0 


±0.0 


14.508 


± 0.014 


8.85 


±0.08 














Cn 


-0.0 


±0.1 


13.858 


± 0.024 


4.74 


±0.18 














Sirv 


0.4 


±0.1 


13.694 


± 0.059 


6.22 


±0.25 














Sim 


1.6 


±0.7 


13.037 


± 0.088 


9.11 


±1.01 














Sin 


-0.2 


±0.2 


12.679 


±0.019 


2.83 


±0.33 














Mgn 


-0.7 


±0.0 


12.632 


±0.010 


3.12 


±0.07 














Mgi 


0.0 


±0.7 


10.516 


± 0.063 


3.10 


±0.00 














Aim 


-0.1 


±0.1 


12.083 


±0.011 


4.47 


±0.21 














Aln 


-0.9 


±0.6 


11.082 


± 0.047 


5.76 


±1.21 














Fen 


0.4 


±0.2 


11.554 


± 0.023 


2.14 


±0.64 


PKS 0237-23 


1.5965 


15.277 


± 0.950 


1 


-0.72 


Nv 


-131.1 


±0.7 


12.268 


±0.081 


2.32 


±1.96 














Civ 


-133.4 


±0.2 


12.582 


±0.010 


7.42 


±0.26 










2 


-0.42 


Nv 


-105.9 


±0.6 


12.997 


± 0.032 


12.63 


±1.00 














Civ 


-106.5 


±0.0 


13.406 


± 0.004 


7.72 


±0.08 














Si IV 


-116.8 


± 1.0 


11.943 


± 0.037 


14.76 


±1.44 










3 


-0.78 


Nv 


-73.4 


±0.5 


13.271 


± 0.040 


7.36 


±0.56 














Civ 


-73.0 


±0.1 


14.437 


±0.015 


7.53 


±0.13 














Sirv 


-76.0 


± 1.9 


12.235 


±0.132 


7.09 


±1.67 














Si IV 


-68.6 


±0.4 


12.106 


±0.162 


2.41 


±1.17 














Sim 


-68.2 


±0.8 


11.940 


±0.051 


8.03 


±1.40 










4 


-0.52 


Nv 


-56.2 


± 1.3 


13.094 


± 0.066 


11.29 


±1.56 














Civ 


-57.8 


± 1.4 


13.170 


± 0.048 


25.51 


±1.42 














Civ 


-55.6 


±0.2 


13.825 


± 0.014 


7.27 


±0.18 














Si IV 


-57.5 


± 1.1 


12.135 


± 0.059 


9.58 


±1.29 














Sim 


-51.2 4 


:18.9 


11.001 


± 0.508 


1.20 4 


: 16.38 










5 


-0.46 


Nv 


0.1 


±0.7 


13.137 


± 0.038 


7.94 


±0.85 














Civ 


0.4 


±0.0 


13.970 


± 0.002 


9.89 


±0.06 














Si IV 


1.1 


±0.2 


12.132 


±0.018 


4.55 


±0.40 














Sim 


1.0 


±2.2 


10.921 


±0.169 


1.50 


±0.00 










6 


-0.59 


Nv 


11.2 


±1.3 


12.120 


± 0.305 


1.64 


±5.28 














Civ 


18.7 


±0.2 


12.984 


± 0.014 


6.09 


±0.18 














Si IV 


17.6 


±0.5 


11.900 


± 0.038 


7.42 


±0.97 










7 


-0.50 


Nv 


56.4 


± 1.1 


12.826 


±0.051 


12.09 


±1.70 














Civ 


59.5 


±0.2 


13.596 


± 0.006 


11.78 


±0.14 










8 


-0.74 


Nv 


79.3 


±0.2 


13.363 


±0.019 


6.85 


±0.42 














Civ 


76.6 


±0.2 


14.998 


±0.310 


3.79 


±0.36 














Sirv 


78.2 


±0.1 


12.518 


± 0.050 


5.95 


±0.38 














Sim 


78.8 


±0.7 


11.937 


±0.117 


7.07 


±1.30 










9 


-0.99 


Nv 


102.0 


±0.1 


13.951 


± 0.007 


10.09 


±0.18 














Civ 


100.0 


±0.2 


14.826 


±0.013 


11.93 


±0.09 














Sirv 


98.6 


±0.5 


12.841 


± 0.084 


12.22 


±0.76 














Sim 


102.6 


±1.0 


12.500 


±0.198 


16.77 


±2.68 


PKS 0237-23 


1.6108 


14.601 


±0.031 


1 




Nv 


0.6 


±0.2 


13.892 


± 0.024 


6.19 


±0.30 














Civ 


1.1 


±0.0 


13.963 


± 0.007 


5.83 


±0.09 










2 




Nv 


26.0 


±0.2 


13.457 


± 0.067 


6.99 


±0.78 














Civ 


24.9 


±0.0 


13.555 


± 0.003 


6.78 


±0.05 


PKS 1448-232 


1.7236 


14.717 


±0.119 


1 




Nv 


-56.1 


±0.7 


12.788 


±0.153 


4.73 


±1.81 














Civ 


-58.3 


±0.2 


12.988 


± 0.045 


5.09 


±0.49 










2 




Nv 


-51.6 


±1.0 


13.451 


± 0.034 


17.53 


±1.44 














Civ 


-51.3 


±0.2 


13.591 


±0.012 


12.97 


±0.14 










3 


-1.33 


Nv 


1.4 


±0.7 


13.067 


± 0.027 


14.18 


±1.02 














Civ 


-0.3 


±0.1 


13.840 


± 0.007 


6.59 


±0.09 














Sirv 


0.2 


±0.1 


12.791 


±0.011 


4.25 


±0.18 














Sim 


2.8 


±0.2 


12.392 


±0.018 


4.07 


±0.31 










4 




Nv 


84.1 


±0.5 


13.276 


± 0.028 


9.29 


±0.81 














Civ 


81.0 


±0.1 


13.694 


±0.017 


6.74 


±0.19 


Q 0109-3518 


1.8749 


14.419 


±0.013 


1 




Nv 


0.7 


±0.8 


12.636 


± 0.049 


7.69 


± 1.17 














Civ 


-0.3 


±0.1 


13.021 


± 0.004 


6.80 


±0.10 
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Table B.l. continued. 



QSO 



Zsys logyV.y.CHl) # logt/ 



V (km s ) 



logN 



i(kms"') 



HE 1158-1843 1.9144 15.017 ±0.021 1 



HE 2217-2818 1.9657 16.266 + 0.063 1 -0.86 



2 -0.95 



3 -0.80 



4 -0.90 



Q 0122-380 1.9745 16.904 + 0.194 1 



2 -1.76 



3 -1.98 



PKS 0237-23 2.0422 13.275 ± 0.075 1 -0.80 



2 -0.57 



Q 0122-380 2.0626 12.625+0.024 1 -0.91 



Q 0329-385 2.0764 13.678+0.014 1 -1.04 



Nv 
Civ 
Nv 
Civ 
Nv 
Civ 
Nv 
Civ 
Nv 
Civ 
Nv 
Civ 
Nv 
Civ 
Ovi 
Si IV 
Nv 
Civ 
Ovi 
Si IV 
Nv 
Civ 
Ovi 
Si IV 
Nv 
Civ 
Ovi 
Sirv 
Nv 
Civ 
Sim 
Mgii 
Alii 
Nv 
Civ 
Cn 
Sirv 
Sirv 
Sim 
Sin 
Mgii 
Aim 
Nv 
Cn 
Si IV 
Sim 
Sin 
Sin 
Mgii 
Aim 
Aln 
Nv 
Civ 
Cn 
Sirv 
Sim 
Sin 
Nv 
Civ 
Ovi 
Nv 
Civ 
Ovi 
Nv 
Civ 
Ovi 
Nv 



-36.1 + 1.1 
-29.6 + 0.6 
-10.5 + 8.7 
-13.2+1.0 



1.7: 

0.1: 

12.6: 

8.6: 

50.7: 

51.3: 

63.5: 

63.2: 

-58.1: 

-64.0 : 

-63.6 : 

-64.5 : 

-46.1 + 

-52.4 : 
-40.2 : 
-53.4: 
-13.8: 

-17.3 + 0.7 
-19.6 + 2.2 



tO.9 
tO.8 
t2.5 
t3.3 
t3.6 
tO.3 
t2.3 
tO.4 
tO.9 
tO.l 
tO.9 
tO.6 
10.8 
tO.6 
t 1.0 
t 1.7 
t4.0 



-18.7: 

1.8: 

0.1: 

2.7: 

-0.8: 

-110.9: 

-114.7: 

-116.3: 

-115.2: 

-117.9: 



:2.2 
:0.4 
:0.2 
:2.5 
:0.3 
:0.4 
:0.1 
:0.9 
:2.9 
:1.1 

-0.4 ± 0.3 

1.4 + 0.1 

3.4+1.1 

-5.3 + 3.2 

-0.4 + 0.2 

-10.6+1.3 

3.7 + 0.8 

-0.6 + 0.7 

5.3 + 0.9 

14.0 + 0.6 

13.6 + 0.2 

12.0 + 0.2 

13.9 + 0.6 

10.0 + 0.9 

12.8 + 0.1 

12.9 + 0.3 
13.2 + 0.3 
12.2 + 0.9 

135.9 + 0.2 

135.6 + 0.0 

139.0 + 0.3 

140.2 + 0.3 

142.0 + 0.3 

141.0 + 0.7 

2.0 + 0.1 

-0.4 + 0.0 

5.0 + 0.4 

26.4 + 0.2 

23.9 + 0.3 

30.0+ 1.3 

1.2+1.1 

0.4 + 0.1 

5.3 + 0.7 

0.3 + 0.4 



13.266 : 
13.566 : 
12.821 : 
13.441 : 
12.681 : 

13.170: 

12.792 : 

13.318: 

12.407 : 
13.277 : 
14.049 : 
11.621 : 
12.892 : 
13.579 : 
13.764 : 
11.421 : 
12.754 : 
13.771 : 
14.245 : 

11.407: 
13.014: 

14.099 : 



12.509 + 0.144 
12.961 + 0.029 
13.075 + 0.359 
12.838 + 0.128 
: 0.218 
: 0.191 
: 0.213 
: 0.239 
: 0.248 
: 0.033 
: 0.184 
: 0.024 

: 0.138 
: 0.020 

: 0.036 
: 0.098 

: 0.134 
: 0.011 
: 0.103 
: 0.156 

: 0.266 
: 0.033 

:0.151 
: 0.122 

: 0.077 

: 0.015 

14.474 + 0.082 
12.176 + 0.022 
12.708 + 0.085 
15.498 + 0.015 
13.645 + 0.037 
12.201 +0.171 
11.431 +0.045 
13.739 + 0.014 
15.057 + 0.036 
13.621 + 0.043 
13.033 + 0.166 
13.209 + 0.069 
12.201 +0.112 
12.116 + 0.036 
11.904 + 0.044 
11.819 + 0.033 
12.749 + 0.122 
13.200 + 0.099 
13.519 + 0.021 
: 0.172 
: 0.070 
: 0.033 
: 0.030 
: 0.037 
: 0.071 

: 0.009 
: 0.009 

: 0.024 
: 0.027 

: 0.019 

: 0.055 

: 0.003 
: 0.003 
: 0.015 
: 0.016 
: 0.014 

: 0.073 

: 0.141 
: 0.009 
: 0.031 

: 0.062 



13.479 : 

12.128: 
12.126: 

12.044 : 

11.556: 

10.752 : 

13.159: 

14.292 : 
12.903 : 
12.375 : 

12.177: 
11.352: 

13.592 : 
13.599 : 

14.198: 

12.730: 
12.676 : 
13.365 : 
12.032 : 
12.953 : 
13.354 : 
12.834 : 



6.75 + 1.80 
9.84 + 0.66 
14.91+9.25 
5.75 + 1.42 
6.40+1.56 
6.66+1.04 

5.89 + 1.77 
9.03 + 1.57 
7.12 + 3.47 
5.64 + 0.29 
6.47 + 2.12 
7.20 + 0.35 
7.30 + 2.43 
5.62 + 0.22 

14.67 + 1.71 

3.01 + 1.78 
32.36 + 11.13 

16.25 + 0.44 

5.46 + 1.75 

5.47 + 2.61 

12.95 + 5.45 

13.74 + 0.86 

10.75 + 2.95 
8.84 + 3.22 

5.90 + 0.63 
8.37 + 0.14 

13.96 + 2.09 
7.12 + 0.42 
4.89 + 0.91 

20.73 + 0.12 

17.67 + 0.52 

10.03 + 2.11 

13.53 + 1.11 

10.95 + 0.40 

11.71+0.25 

12.03 + 0.89 

11.21 + 1.60 

3.87 + 0.56 

4.71 + 0.95 

12.20 + 0.65 

7.01+0.89 

12.90 + 0.92 

4.66+1.13 

3.96 + 0.79 

5.08 + 0.17 

4.68 + 0.49 

5.57 + 1.52 

2.15 + 0.52 

5.03 + 0.43 

1.11+0.61 

5.66+1.64 

9.35 + 0.26 

8.02 + 0.06 
6.41 + 0.56 
4.39 + 0.51 
4.60 + 0.33 
1.55 + 2.23 

11.40 + 0.09 
9.37 + 0.11 

12.60 + 0.67 
7.28 + 0.38 
9.55 + 0.39 

10.04+1.42 
3.70 + 0.00 
6.74 + 0.21 

11.30+1.09 
6.57 + 1.02 
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Table B.l. continued. 



QSO 



Zsys l0gA',,,(Hl) # logt/ 



V (km s ) 



logN 



/7(kms"') 



PKS 1448-232 2.1098 13.738 ±0.021 1 -0.37 

2 -0.17 

HE 1347-2357 2.1162 14.264 + 0.010 1 -0.42 

2 -0.30 

HE 0940-1050 2.2206 15.610 + 0.033 1 

2 -1.42 

3 -1.63 



4 -2.18 



5 -1.85 



6 -2.28 



HE 1158-1843 2.2354 14.545+0.034 1 -1.32 



2 -1.08 



Q 0420-388 2.2462 15.968+0.018 1 -1.31 



2 -0.93 



3 -0.95 



Q 0329-385 2.2514 15.528 + 0.039 1 -1.54 



2 -0.84 



Civ 
Ovi 

Si IV 
Nv 
Civ 
Ovi 
Civ 
Ovi 
Nv 
Civ 
Nv 
Civ 
Ovi 
Nv 
Civ 
Sim 
Nv 
Civ 
Si IV 
Sim 
Nv 
Civ 
Si IV 
Sim 
Nv 
Civ 
Sim 
Nv 
Civ 
Si IV 
Sim 
Nv 
Civ 
Si IV 
Sim 
Nv 
Civ 
Cm 
Ovi 
Ovi 
Nv 
Civ 
Cm 
Ovi 
Nv 
Civ 
Cii 
Sirv 
Sim 
Nv 
Civ 
Cn 
Sim 
Nv 
Civ 
Cn 
Sim 
Nv 
Civ 
Cm 
Ovi 
Si IV 
Sim 
Nv 
Civ 
Cm 
Ovi 



0.2 + 0.1 
4.4 + 0.4 
0.7 + 2.4 
1.0 + 0.6 
0.2 + 0.1 
0.2 
0.3 
0.3 
2.3 
0.5 
0.3 
0.1 
0.2 
0.0 
0.2 
2.3 
0.0 
0.1 
1.3 
0.3 



0.4 

24.5 

29.6 

-10.9 

-14.6 

1.1 

0.3 

2.2 

-57.6 

-57.7 

-50.9 

-38.4 

-38.4 

-39.7 

-37.0 



-0.8 + 0.0 
-0.8 + 0.1 
-0.1 + 0.1 
1.8 + 0.1 
41.5 + 0.0 
41.5 + 0.7 

43.7 + 0.8 
61.5 + 0.0 
61.5 + 0.2 
61.2 + 0.4 

64.8 + 0.9 

88.9 + 0.0 
88.8 + 0.1 

89.2 + 0.1 

92.3 + 0.2 
-34.7 + 0.5 
-20.8 + 1.2 
-25.0 + 0.9 
-47.1+0.6 
-16.3 + 1.4 

-8.7 + 0.8 

-0.4 + 0.2 

0.6 + 0.5 

6.0 + 0.6 

-1.1 + 0.4 

-5.6 + 0.1 

-10.6 + 0.7 

-6.4 + 0.5 

-8.8 + 0.2 

-0.9 + 2.7 

-0.4 + 0.2 

-1.5 + 0.4 

0.4 + 0.4 

13.1+0.4 

10.5 + 0.1 

14.4+1.0 

15.1+0.5 

-27.0+1.9 

-31.5 + 0.1 

-31.5 + 0.6 

-24.9 + 0.3 

-33.4 + 0.3 

-34.8 + 0.5 

2.6 + 0.8 

0.0 + 0.3 

6.5 + 0.5 

5.8 + 0.2 



14.442 : 
12.421 : 
12.547 : 
12.294 : 
12.408 : 

12.712: 



13.229 + 0.005 
13.237 + 0.029 
11.440 + 0.895 
12.904 + 0.029 

13.126 + 0.004 
14.321 +0.017 
12.247 + 0.024 
13.717 + 0.018 
12.318 + 0.144 
12.298 + 0.062 
12.650 + 0.036 
13.345 + 0.006 

: 0.013 
: 0.054 
: 0.012 
: 0.061 
: 0.077 

: 0.010 

11.572 + 0.224 
11.624 + 0.069 
12.466 + 0.058 
13.609 + 0.005 
12.485 + 0.011 
12.378 + 0.009 
12.512 + 0.092 
12.780 + 0.020 
12.549 + 0.024 
11.846 + 0.247 
13.270 + 0.021 
: 0.109 
: 0.075 
: 0.534 
: 0.006 
: 0.009 

: 0.009 
: 0.102 

12.030 + 0.082 
11.955 + 0.086 
12.900 + 0.034 
13.350 + 0.054 
12.800 + 0.134 
12.955 + 0.011 
12.658 + 0.024 
13.373 + 0.039 
13.415 + 0.059 
14.253 + 0.008 
12.693 + 0.063 
: 0.041 
: 0.052 
: 0.104 
: 0.022 
: 0.053 

: 0.115 

13.127 + 0.065 
14.003 + 0.008 

: 0.053 
: 0.151 
: 0.063 
: 0.003 
: 0.035 

: 0.016 
: 0.016 

11.998+0.026 
12.904 + 0.056 
13.992 + 0.015 
13.773 + 0.031 
14.415 + 0.009 



12.543 : 
12.827 : 

11.487: 

13.329 : 
12.403 : 
12.767 : 
12.422 : 



12.890 : 
12.259 : 
13.207 : 
13.560 : 
12.829 : 
12.248 : 



12.555 : 

11.506: 

12.942 : 
14.044 : 
13.778 : 
14.293 : 

12.316: 



5.87 + 0.10 
7.86 + 0.71 

1.31 + 8.23 

10.95 + 0.97 
7.18 + 0.10 

10.42 + 0.28 
5.61+0.54 
7.30 + 0.50 
9.05 + 2.60 

4.89 + 0.99 
3.63 + 0.53 

6.98 + 0.15 

12.96 + 0.50 
6.50 + 0.00 
6.53 + 0.26 

38.74 + 3.66 

8.20 + 0.00 

8.21 + 0.29 
1.27 + 3.03 
1.63 + 1.61 

5.90 + 0.00 

5.88 + 0.07 

3.03 + 0.23 

4.32 + 0.19 
18.50 + 0.00 
18.52 + 0.91 
21.28 + 1.01 

5.20 + 0.00 
5.21+0.18 
3.05 + 0.59 

5.58 + 0.68 
7.00 + 0.00 

6.99 + 0.11 
5.12 + 0.22 
7.93 + 0.19 

2.04 + 2.51 
7.17 + 1.71 
5.51+2.06 

10.47 + 1.10 
12.88 + 1.51 

7.69 + 2.03 

10.19 + 0.34 

11.44 + 0.94 

8.88 + 0.61 

9.32 + 0.73 

7.03 + 0.10 

3.75 + 0.99 

11.55 + 0.85 

2.59 + 0.76 
22.93 + 2.92 
23.51+0.52 

1.71 + 1.19 
1.75 + 0.97 
6.15 + 0.57 
7.38 + 0.09 
9.66+1.61 
2.73 + 1.95 
17.21+2.99 
11.62 + 0.09 

13.48 + 0.54 
13.11+0.79 

8.78 + 0.47 

9.82 + 0.96 
7.73 + 1.35 

8.83 + 0.23 
13.59 + 0.87 
10.66 + 0.30 
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Table B.l. continued. 

QSO z,y, logiV,y,(Hl) # logU ion v(kms"') logN i>(kms"') 

3 -0.99 

HE 2347-4342 2.2753 13.981+0.008 1 -1.03 

2 -0.43 

3 -0.20 

4 -0.65 

5 -0.58 

6 -1.28 

HE 0151-4326 2.4681 13.244 ±0.015 1 -0.82 

2 -1.11 

3 -1.03 



Si IV 


2.9 ±1.2 


12.060 ±0.151 


4.72 ±1.81 


Sim 


7.9 ± 0.4 


12.187 ±0.018 


12.54 ± 0.76 


Civ 


40.0 ±0.1 


13.127 ±0.006 


8.86 ±0.19 


Cm 


42.0 ± 0.4 


12.517 ±0.052 


4.62 ± 0.70 


Ovi 


41.2 ±0.4 


14.220 ± 0.012 


15.37 ± 0.40 


Si IV 


37.2 ±2.8 


11.275 ±0.199 


6.97 ± 6.03 


Nv 


-111.2± 1.1 


13.143 ±0.033 


23.38 ±1.38 


Civ 


-106.6 ±0.9 


13.222 ±0.050 


10.81 ±0.56 


Civ 


-94.3 ± 0.4 


13.287 ±0.043 


8.20 ± 0.24 


Ovi 


-104.1 ±0.9 


13.792 ±0.075 


6.75 ± 1.20 


Ovi 


-85.5 ±1.8 


13.184 ±0.128 


6.20 ± 0.00 


Nv 


-43.0 ±1.0 


12.528 ± 0.320 


6.08 ± 2.55 


Civ 


-45.4 ±0.1 


12.762 ± 0.036 


5.23 ± 0.33 


Ovi 


-45.8 ±1.7 


13.902 ±0.082 


8.37 ± 1.53 


Nv 


-37.6 ± 2.5 


12.919 ±0.120 


14.44 ± 2.57 


Civ 


-31.7 ±1.1 


12.812 ±0.038 


15.09 ± 1.01 


Ovi 


-28.1 ±1.0 


14.299 ±0.188 


6.00 ± 0.00 


Nv 


0.3 ±0.8 


13.118 ±0.025 


14.41 ± 1.05 


Civ 


0.4 ± 0.0 


13.161 ±0.003 


6.18 ±0.07 


Ovi 


5.1 ±0.6 


13.841 ± 0.042 


10.00 ± 0.00 


Nv 


42.1 ±0.8 


12.612 ± 0.046 


7.87 ± 0.95 


Civ 


45.4 ±0.1 


12.531 ±0.011 


5.47 ± 0.23 


Nv 


85.6 ±1.0 


12.162 ±0.104 


5.01 ± 1.99 


Civ 


92.0 ±0.1 


12.803 ± 0.006 


4.90 ±0.14 


Ovi 


99.8 ±1.6 


13.167 ±0.123 


5.80 ± 2.79 


Nv 


0.7 ± 0.3 


12.765 ± 0.029 


6.26 ± 0.62 


Civ 


-0.4 ±0.1 


12.968 ± 0.004 


6.42 ±0.10 


Ovi 


3.8 ±0.2 


14.131 ±0.013 


6.66 ±0.19 


Civ 


40.7 ±1.1 


12.725 ± 0.035 


17.18 ±0.82 


Ovi 


18.2 ±0.7 


13.341 ±0.123 


6.94 ±1.56 


Ovi 


37.9 ±3.2 


13.376 ± 0.262 


12.02 ± 5.99 


Nv 


49.9 ± 0.7 


12.559 ± 0.057 


6.49 ±1.16 


Civ 


52.4 ±0.1 


13.111 ±0.013 


6.01 ±0.15 


Cm 


55.6 ±0.3 


12.807 ± 0.012 


6.31 ±0.24 


Ovi 


55.1 ±2.0 


13.504 ±0.153 


10.10 ±1.23 
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Table B.2. Line param eters of associated N v absorption systems. The ionization parameter has been estimated with an superposition of a 
iHaardt & Madaul ( 1200 Ih UV background and a QSO power law spectrum with a slope a where the relative intensity of the QSO radiation is 
varied between . 1 < 7 oso/^hmoi ^ 100. The quoted uncertainties of log U represent the resulting parameter range. If no a is given, a pure 
IHaardt & Madaul ( 12001!) background has been adopted. 

QSO z,y, log7V,y,(Hl) # a \ogU ion v(kms'') logA^ fc(kms~')~ 

HE 1341-1020 2.1463 13.983 ±0.014 1 -1.0 



-1.0 



HE 1341-1020 2.1474 17.112 ±0.053 1 -1.0 



-1.0 



-1.0 



Q 0329-385 2.3520 13.015 ±0.117 1 -0.37 

2 -0.37 

HE 1158-1843 2.4278 13.617±0.003 1 -1.0 

HE 1158-1843 2.4427 14.350 ± 0.002 1 -1.0 

2 -1.0 

3 -1.0 



-1.0 



-1 79+"-" 


Nv 


-30.7 ± 0.3 


12.741 ± 0.020 


8.27 ± 0.50 






Civ 


-33.3 ±0.5 


13.163 ±0.048 


4.63 ± 0.49 






Civ 


-23.6 ±0.6 


13.085 ±0.061 


4.83 ± 0.64 






Cm 


-27.7 ± 0.9 


13.129 ±0.066 


8.36 ±1.63 






Ovi 


-27.0 ± 0.9 


13.725 ±0.093 


7.16 ±1.02 






Si IV 


-29.3 ± 0.9 


11.904 ±0.036 


13.04 ±1.40 






Sim 


-23.6 ± 0.2 


12.860 ± 0.006 


23.01 ±0.23 


-0.94±j!5^ 


Nv 


-0.1 ±0.1 


13.530 ±0.004 


16.16 ±0.21 






Civ 


-0.2 ±0.2 


13.613 ±0.005 


16.23 ±0.21 






Cm 


-4.4 ± 1.7 


12.606 ± 0.097 


7.31 ±3.00 






Ovi 


4.7 ± 1.0 


15.065 ± 0.046 


16.05 ± 1.75 






Nv 


-17.3 ±0.5 


14.526 ±0.021 


13.52 ±0.28 






Cm 


-35.1 ±1.6 


13.599 ±0.117 


10.19 ±1.71 






Cn 


-20.8 ± 0.2 


13.375 ±0.016 


6.57 ± 0.28 






Ovi 


-11.6 ±0.5 


15.430 ±0.021 


27.76 ± 0.46 






Si IV 


-7.8 ± 0.3 


15.281 ±0.043 


11.99 ±0.15 






Sin 


-21.7 ±0.3 


11.815 ±0.029 


3.31 ±0.59 






Mgii 


-21.6 ±0.2 


11.938 ±0.016 


4.40 ± 0.32 






Aim 


-20.5 ± 1.8 


11.657 ±0.109 


8.91 ± 2.44 






Alii 


-18.2 ± 1.0 


11.016 ±0.067 


6.56 ±1.54 


-3.07±^i^ 


Nv 


3.4 ± 0.4 


14.361 ±0.031 


9.30 ±0.52 






Nm 


-0.2 ± 0.4 


15.663 ±0.191 


16.84 ±1.00 






Nil 


-0.8 ± 0.4 


13.144 ±0.021 


9.86 ± 0.62 






Civ 


-2.2 ± 0.0 


16.884 ± 0.050 


15.68 ±0.13 






Cn 


0.1 ±0.1 


14.204 ± 0.008 


9.08 ±0.19 






Sim 


-0.5 ±0.1 


17.441 ±0.333 


9.78 ±0.35 






Sill 


-2.2 ±0.1 


12.791 ±0.006 


8.05 ±0.19 






Mgii 


-1.5±0.1 


13.058 ±0.004 


8.48 ±0.12 






Aim 


0.8 ± 0.4 


12.309 ± 0.028 


9.83 ±0.86 






Aln 


0.6 ± 0.5 


11.325 ±0.037 


7.20 ±1.10 






Nv 


22.2 ± 0.5 


13.732 ±0.030 


9.55 ±0.35 






Nil 


24.1 ±1.2 


12.328 ±0.138 


2.00 ± 0.00 






Cm 


10.9 ± 2.0 


14.502 ± 0.260 


17.89 ±2.23 






Cii 


23.5 ± 0.2 


13.029 ±0.018 


6.21 ±0.35 






Ovi 


31.8 ±0.5 


13.463 ± 0.064 


3.57 ±1.13 






Si IV 


23.0 ±0.3 


13.669 ±0.032 


6.21 ±0.20 






Sin 


20.1 ± 1.4 


11.834 ±0.056 


12.11 ±1.53 






Mgn 


20.5 ± 0.3 


12.221 ±0.015 


8.84 ±0.38 






Aim 


24.7 ±1.0 


11.636 ±0.070 


7.84 ±1.68 


-1.60±i!-^3 


Nv 


0.4 ± 0.2 


12.888 ± 0.042 


1.69 ±0.45 






Civ 


-0.4 ± 0.3 


13.144 ±0.058 


5.13 ±0.28 


-2.00±i!^^ 


Nv 


5.5 ± 0.2 


13.501 ±0.011 


10.36 ±0.18 






Civ 


9.0 ±0.7 


13.243 ± 0.047 


8.27 ±0.51 






Cm 


7.2 ±0.8 


13.020 ± 0.075 


10.79 ±1.37 






Ovi 


5.2 ± 0.3 


13.321 ±0.072 


3.94 ± 0.96 






Ovi 


8.3 ± 0.3 


14.001 ±0.019 


14.54 ±0.39 


-0.93±i!t? 


Nv 


-0.4 ± 0.2 


13.420 ±0.005 


20.37 ± 0.23 






Civ 


0.0 ± 0.4 


12.719 ±0.012 


20.96 ± 0.62 






Ovi 


8.3 ±0.1 


14.167 ±0.010 


18.36 ±0.20 


-1.54±!!?* 


Nv 


-188.8 ±1.1 


12.273 ± 0.060 


10.04 ±1.57 






Civ 


-187.4 ±0.7 


11.460 ±0.114 


2.80 ± 2.08 






Cm 


-187.4 ±0.0 


10.918 ±0.472 


2.80 ± 0.00 






Ovi 


-187.2 ±0.2 


13.118 ±0.034 


5.82 ± 0.44 


-0.63±«« 


Nv 


-166.8 ±0.6 


12.467 ± 0.050 


8.44 ±1.18 






Civ 


-162.2 ±0.8 


12.436 ± 0.036 


16.34 ±1.63 






Cm 


-162.2 ±0.0 


11.051 ±0.445 


16.30 ±0.00 






Ovi 


-167.4 ±0.2 


13.822 ±0.013 


14.90 ± 0.43 


-1.02±i!-^^ 


Nv 


-126.5 ±0.2 


12.932 ± 0.037 


7.11 ±0.45 






Civ 


-127.0 ±0.5 


13.084 ±0.030 


13.68 ±0.65 






Cm 


-127.0 ±0.0 


11.928 ±0.051 


13.70 ±0.00 


-i.oo±!!« 


Nv 


-123.0 ±0.3 


13.500 ± 0.009 


26.34 ± 0.86 






Ovi 


-121.4 ±0.1 


14.552 ± 0.003 


24.15 ±0.19 






Civ 


-102.1 ± 1.0 


12.789 ±0.069 


14.31 ±1.98 
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Table B.2. continued. 



QSO 



z,y, logA'.y.CHi) # a logU 



V (km s ) 



log A' 



b(kms-') 



-1.0 -1.40±" 



6 -1.0 -0.69±!! 



-1.0 -0.52+" 



-1.0 -0.77±" 



9 -1.0 -0.64±0;^o 



10 -1.0 -0.69+jJ;'J^ 



11 -1.0 -i.07+;;;'j^ 



12 -1.0 -1.12+" 



13 -1.0 -lA5±°fg 



14 -1.0 -1.24+15^2 



15 -1.0 -1.95+jJ;]^ 



Q 0453-423 2.6362 14.757 ± 0.003 1 -0.89 -2.07±j;;'J^ 



PKS 0329-255 2.7089 14.712 ±0.048 1 -1.0 -0.644 



HE 2347-4342 2.8780 13.786 ± 0.008 1 

2 
HE 2347-4342 2.8916 14.857+0.041 1 

2 



-0.30 



-hO.29 



-hO.21 



Cm 


-102.2 ±0.0 


11.518 ±0.151 


14.30 ± 0.00 


Nv 


-75.1 ±0.3 


12.886 ± 0.044 


8.60 ± 0.63 


Civ 


-75.1 ±0.2 


13.193 ±0.015 


10.57 ± 0.29 


Cm 


-75.1 ±0.0 


12.344 ±0.015 


10.60 ± 0.00 


Nv 


-36.3 ± 0.2 


14.227 ± 0.004 


29.95 ± 0.42 


Civ 


-38.9 ±1.0 


13.827 ± 0.030 


20.77 ± 0.77 


Cm 


-39.0 ±0.0 


12.375 ± 0.035 


13.54 ±1.05 


Nv 


-28.3 ± 0.2 


12.984 ± 0.033 


4.89 ± 0.49 


Civ 


-28.1 ±0.7 


12.736 ± 0.259 


8.41 ± 1.99 


Cm 


-28.1 ±0.0 


10.575 ±1.180 


8.40 ± 0.00 


Nv 


0.0 ±0.1 


13.903 ±0.012 


6.36 ±0.18 


Civ 


0.2 ± 0.5 


13.783 ±0.038 


9.40 ± 0.58 


Cm 


0.2 ± 0.0 


12.376 ± 0.020 


9.40 ± 0.00 


Nv 


10.7 ±0.1 


13.764 ± 0.028 


2.00 ± 0.00 


Civ 


13.3 ±0.7 


13.274 ±0.126 


7.04 ±1.14 


Cm 


13.2 ±0.0 


11.936 ±0.060 


7.00 ± 0.00 


Ovi 


12.7 ±0.1 


16.677 ± 0.023 


39.46 ± 0.23 


Nv 


22.0 ± 0.2 


13.983 ±0.017 


13.54 ±0.61 


Civ 


26.8 ± 0.4 


13.174 ±0.049 


6.72 ±0.55 


Cm 


26.8 ± 0.0 


11.822 ±0.044 


6.70 ± 0.00 


Nv 


46.9 ± 0.2 


13.763 ±0.011 


9.71 ±0.17 


Civ 


45.1 ±0.1 


13.525 ± 0.007 


11.44 ±0.19 


Cm 


45.2 ± 0.0 


12.401 ±0.015 


11.40 ±0.00 


Ovi 


48.8 ± 0.0 


15.000 ± 0.000 


15.00 ± 0.00 


Nv 


78.9 ±0.1 


13.806 ± 0.003 


12.43 ±0.10 


Civ 


78.4 ±0.1 


13.450 ± 0.002 


11.90 ±0.09 


Cm 


78.4 ± 0.0 


12.360 ±0.016 


11.90 ±0.00 


Ovi 


86.5 ± 0.0 


15.000 ± 0.000 


15.00 ± 0.00 


Nv 


100.9 ±0.1 


12.277 ± 1.272 


0.60 ± 1.23 


Civ 


102.9 ± 0.3 


12.015 ±0.035 


4.70 ±0.71 


Cm 


102.9 ± 0.0 


10.950 ± 0.256 


4.70 ± 0.00 


Nv 


125.0 ± 0.3 


12.479 ± 0.042 


4.46 ± 0.77 


Civ 


125.2 ± 0.4 


12.529 ± 0.035 


10.05 ± 0.60 


Cm 


125.2 ±0.0 


11.620 ±0.152 


10.00 ± 0.00 


Nv 


135.0 ± 0.8 


13.121 ±0.016 


30.62 ±1.40 


Ovi 


133.9 ±0.1 


13.919 ±0.005 


10.65 ±0.15 


Civ 


150.3 ± 2.0 


12.339 ± 0.057 


19.09 ±2.37 


Cm 


150.3 ± 0.0 


12.245 ± 0.087 


19.10 ±0.00 


Ovi 


158.4 ± 0.2 


13.510 ±0.011 


10.81 ±0.30 


Nv 


-0.6 ± 0.6 


12.392 ± 0.026 


12.07 ±0.91 


Civ 


-0.2 ± 0.0 


13.639 ± 0.002 


9.57 ± 0.04 


Cm 


1.8 ±1.5 


13.470 ±0.131 


8.91 ± 1.42 


Ovi 


5.0 ±0.2 


13.748 ± 0.006 


14.77 ± 0.27 


Si IV 


0.6 ±0.1 


12.355 ± 0.009 


8.46 ± 0.22 


Sim 


2.6 ± 0.5 


11.726 ±0.038 


7.30 ± 0.62 


Nv 


0.4 ±0.1 


13.280 ± 0.009 


5.60 ±0.19 


Civ 


0.2 ± 0.0 


13.575 ± 0.004 


6.17 ±0.06 


Cm 


0.3 ± 0.6 


12.115 ±0.048 


4.91 ± 1.04 


Ovi 


6.0 ±0.3 


14.902 ± 0.054 


11.22 ±0.68 


Nv 


-1.0 ±0.7 


12.747 ± 0.097 


11.76 ±1.30 


Civ 


0.3 ± 0.2 


12.939 ± 0.009 


14.40 ± 0.36 


Nv 


8.1 ±1.5 


13.060 ± 0.048 


26.88 ± 1.58 


Civ 


30.0 ±0.9 


12.161 ±0.047 


11.17 ± 1.39 


Civ 


-170.6 ±5.3 


12.247 ± 0.209 


14.24 ±8.10 


Cm 


-161.5 ±7.8 


12.328 ± 0.245 


21.08 ±12.35 


Nv 


-103.2 ±4.5 


12.901 ±0.118 


21.81 ±6.70 


Civ 


-107.7 ±4.2 


12.443 ±0.147 


16.63 ± 6.53 


Cm 


-104.9 ±30.8 


11.395 ±1.597 


11.86 ±51.06 


Ovi 


-104.0 ±0.4 


14.502 ±0.031 


13.45 ±0.65 


Nv 


-49.0 ± 0.3 


13.928 ±0.013 


13.40 ± 0.43 


Civ 


-48.8 ± 0.4 


13.574 ±0.014 


13.59 ±0.50 


Cm 


-48.5 ± 16.6 


11.518 ±1.206 


7.26 ± 30.71 


Ovi 


-44.9 ±1.5 


15.043 ±0.081 


17.68 ± 1.44 


Nv 


-2.1 ±0.3 


13.872 ±0.016 


10.50 ±0.39 


Cm 


-1.0 ±6.8 


12.078 ± 0.458 


7.97 ±11.22 


Civ 


-0.3 ± 0.2 


13.715 ±0.015 


10.21 ±0.34 


Ovi 


0.4 ±1.5 


14.934 ± 0.070 


16.83 ± 1.62 
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QSO T^, logA',y,(Hl) # a log [/ loii v(kms"') log A' i>(kms"') 



UEliAl-A-iAl 2.8984 14.359 ±0.124 1 



+0.03 



HE 2347-4342 2.9027 16.302 ±0.021 1 +0.56 



+0.56 



+0.56 -0.11±«;«^ 



+0.56 -0.26±«;;;'j' 



Nv 


52.1 ±8.0 


12.640 ±0.217 


23.60 ± 12.82 


Civ 


46.0 ± 7.5 


12.122 ±0.288 


14.60 ± 11.44 


Cm 


59.0 ±16.1 


11.290 ±1.883 


4.37 ± 38.94 


Ovi 


45.0 ±1.4 


14.064 ± 0.099 


8.57 ± 1.62 


Ovi 


64.9 ± 4.0 


13.826 ±0.179 


12.59 ± 5.04 


Civ 


-183.3 ±0.5 


12.873 ± 0.041 


4.13 ±0.93 


Cm 


-183.4 ±12.9 


11.550 ±1.671 


2.96 ± 38.21 


Ovi 


-180.7 ±1.7 


12.851 ±0.176 


3.37 ± 4.73 


Nv 


-95.4 ± 0.4 


14.529 ± 0.090 


8.16 ±0.78 


Civ 


-93.6 ±1.3 


14.898 ±0.183 


10.33 ±1.13 


Cm 


-80.7 ± 3.9 


13.773 ± 0.068 


34.80 ± 4.49 


Nv 


-74.8 ±1.8 


14.018 ±0.109 


30.37 ±2.16 


Civ 


-60.6 ±1.6 


14.639 ±0.108 


12.74 ±1.23 


Ovi 


-74.2 ± 0.7 


15.481 ±0.140 


23.50 ±1.96 


Nv 


-60.4 ±1.0 


13.832 ±0.097 


10.26 ±1.54 


Ovi 


-56.8 ±4.1 


14.598 ± 0.057 


89.01 ±11.12 


Nv 


-0.2 ± 0.6 


13.360 ±0.030 


9.97 ± 0.93 


Civ 


0.2 ± 0.2 


14.014 ±0.017 


8.48 ± 0.24 


Cm 


1.3 ±6.9 


12.704 ± 0.305 


12.98 ±7.92 


Ovi 


2.2 ± 0.5 


14.245 ± 0.044 


9.15 ±0.86 


Nv 


-100.3 ±4.3 


12.855 ±0.124 


21.64 ±6.59 


Civ 


-107.1 ±5.7 


12.796 ± 0.254 


33.09 ± 12.66 


Ovi 


-101.7 ±1.0 


15.082 ± 0.045 


26.12 ±2.43 


Nv 


-29.3 ±1.4 


13.010 ±0.069 


10.86 ±2.36 


Civ 


-26.9 ± 0.8 


13.323 ± 0.038 


12.18 ± 1.15 


Cm 


-29.2 ±11.3 


11.653 ±0.857 


6.68 ±21.30 


Ovi 


-35.1 ±7.0 


14.919 ±0.381 


14.28 ± 5.20 


Nv 


-1.4 ±0.7 


13.272 ± 0.038 


8.90 ±1.12 


Civ 


-0.2 ± 0.4 


13.514 ±0.029 


9.30 ± 0.86 


Cm 


1.3 ±5.3 


12.329 ± 0.268 


12.21 ±8.83 


Nv 


106.8 ±1.4 


13.415 ±0.041 


19.25 ± 2.06 


Civ 


107.0 ± 0.8 


13.663 ± 0.025 


19.82 ± 1.12 



